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The Apollo re_.iability effort emphasizes the successful accomplishment

::_" seven technical task_ during the co_rse of the complete program through

....° _ _uission accomplishmcnto The scheduling control and integration

of thes. seven tasks with other program efforts is essemtial to their suc-

..... e_ accomplisb_ment_ This technical memorandum reports preliminary re-

sults for one of these seven tasks; a review of the Apollo ground test

program to assess its ability to provide significant reliability data in

the manufacturing phase of the program°

A description of all seven tas_s of the Apollo reliability effort is

contained in the appendix of the technical memorandumo

..... .. ................. - -..



I. Test Designations

To provide for identification of all test_ planned under the Apollo

program, five designations have been established according to the basic

purpose of the test° Test plannin E and test review functions are intended

to assure the adequacy of tests under each of these five designations° A

brief description of each designation Is contained below:

io Development testsz

These tests.are conducted on samples, models and prototype

hardware to develop within the hardware_ the capability to fulfill

mission perfo_ance requirements. Hardware used for developmental

tests is not suitable for use in flights.

20 Factory Qualification testa_

These tests are conducted on flight configuration hardware

manufactured to released drawings to demonstrate compliance with

equipment specification requirements under anticipated flight en-

vironments. Included as a part of the qualification tests are any

tests play,ned to demonstrate numerical requirements for equipment

reliability. Hardware used for qualification tests is not suitable

for use in flights.

3_ Factory Acceptanc? testszj

These tests are conducted on each flight article to assure

suitability for flight use° These tests are also intended to

show continuing compliance of each flight configuration article

to the most important of equipment specification requirements.
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Field Ground tests: I

These tests are conducted on flight articles to prepare the

complete system for flight test following receipt of factory-

acceptance tested hardware at the field site@

Flight testsz

These tests are conducted on flight vehicles of configuration

compatible with flight test objectives.



II .QUAL!FICATION TEST PHOG_M REVIEW
r

I

Qualification tests are tests run on prototype equipment

f
to demonstrate that the engineering design and manufacturing processes

are adequate to allow this equipment to meet its specification require-

mentso Qualification tests may include such tests as functional tests,

structural tests, tests to failure_ reliability testsj simulated en-

vironmental tests and combinations thereof° These tests can be per-

formed on system, subsystem, component and/or part levelo

The Apollo test program is being reviewed to assure that

the following test considerations receive proper attentions

Io Sample size

20 Test Duration

30 Definition of failure or success

4o Criteria for acceptance

50 Data collection, processing, and analysis methods for

tests yielding reliability data

60 Statistical confidence in conclusions drawn from the

test results regarding equipment acceptability

70 Criteria for corrective action based on test results

80 Characteristics and measurement accuracy required of
test facilities to obtain valid test results

90 Test conditions, including environment, for the equipment

being tested

IOo Provisions for demonstrating repeatability of test
measurements

a) Farts Qualification

The current Apollo study phase is not expected to re-

sult in a detailed qualification program for parts° However, the

ground rules and requirements will be specified and discussed in
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d)

detailo Since no equipment can be better than the parts from which

it is constructed, all Apollo parts will r_quire qualification to

standards commensurate with Apollo mission objectives and environ-

mento Tests to failure, establishment of safety margins, studies

of environments to which parts will be subjected, the effects of

environmental stresses on parts and modes of failure anal_ses will

be emphasized during development to assure that selection and

application of parts receive necessary attention°

Components Qualification

Component qualification will be carried out at the com-

_nent level and as discussed below, may be extended to testing

at the subsystem level under actual rather than simulated system

environments° Demonstration of reliability to reasonable statistical

confidence levels, not feasible at the part level, will be con-

sidered in selected cases. In other re_pects component qualification

testing will be conducted on a basis similar to parts qualification

testing except that, in some cases, component qualification tests

will be conducted in conjunction with subsystem qualification test°

Subsystem Qual_ication

Subsystem qualification testing affords the best meat8

for demonstrating functional adequacy of the equipment with inter-

action of operating components under simulated enviror_uental con-

ditionso At this level demonstration of reliability to valid

statistical confidence or risk levels can be carried out supple_

mented by performance variation tests of selected critical design

parameters o

System Qualification

System oualification test will be cond,_ted primarily



_&nder room ambi_,_t conditions; hot firings and tests under simulated

critical environments will necessarily be conducted at lower levelS°
• '....

The primary objective of system qualification test will be to demonstrate

functioning of the entire system within specified limits, both with

respect to capability and repeatability° For both qualification testing

and subsystem and component develo_ent and acceptance testing ex=

tensive use will be made of two special systems designed and built

especially for test purposeso These are.

lo Laboratory Functional Mock-up

2o Complete System _Boiler +Plate Structure

The funotional structure will be a collection of easil_

accessible subsystems and components interconnected in as nearly identical

fashion as the flight system° Its purpose will be to demonstrate

operation of the system as a whole and the functional characteristics

of its components and subsyst_nso

The boiler plate mock-up will duplicate as nearly as pos-

sible the flight system configuration° Selected components and sub-

systems may be brought outside the boiler-plate shell and subjected

to critical enviro_nents during operaticn of the system. In every

respect possible this system will be maintained to the latest en-

glneering flight design configuration in order that test data will

reflect the current designo It is expected that both these test tools

will provide valuable data throughout the program, extr_nel_ useful

in evalunting design improvements and iz_ providing system reliability

_easu_vements o

Enviromental Testing

The Figure "Spacecraft _bsyste_. Environmental Conditions for



Reliability Testing" illustrates at the subsystem level the type of er_
/

vironmental testing currently planned to demonstrate capability and re-

liability of the Apollo systemo The various mission phases and subsystem

operating and non-operating timer during these phases 'have been consolidated

into six mission phases and further consolidated for test purposes _ere

possible for each of eleven designated subsystemso

Qualification test considerations reflected in Figure block

diagram include critical test enviror_ents, basic test duration, test

sequence, environmental and subsystem test combinatior_o Sample size,

actual test durations to demonstrate reliability and other required test

considerations have not been finalized as yet° The diagram is 'intended

to illustrate the approach which _will be taken to develop a test program

which will provide maximum dollar value and minimize test time°

Qualificati.on Test Categories

The qualification test program! will provide for four

categories of tests to demonstrate capability and reliability assurance°

These categories arez

Io "Standard" Environmental Testing

20 Performance variation Tests (selected critical enviror_aents)

3o Safety Margin Testing

40 Statistical Demonstration Tests to specified con-
fidence or risk levelso

I) "Standard" Environmental Testing

Categorized under "standard" environmental testing is the

usual environmental tests under simulated operational environments _ sand,

dirt, moisture, vibration, acceleration, temperature, shock, etCo Certain

of these environments, depending on the size of equipment under test and

facilities available, will be combined, providing more realistic test
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results and reducing test timeo These tests are designed to demonstrate

capability of the equipment to meet its operational requirements°

The remaining three categories of tests are designed to

demonstrate reliability of the equipment in various ways°

2) Performance Variatlo..nTest s

Performance variation tests will demonstrate the probability

of equipment meeting selected critical design parameters° When high reli-

ability requirements make numerical reliability demonstration testing

extremely costly in tins and sample size, performance variation tests,

based on small sample sizes (for exmnple, I0) have the advantage of pro-

vidlng, with acceptable statistical assurance, data upon _hich equi_nent

per£onnances can be predicted°

3) .Safst_ Margin Testing

This type of testing provides valuable design information

on equipment capability and provide8 a measure of the effect of critical

environmental stresses on equipment lifeo It will be used extensively

during development testing and will follow qualification testing under

anticipated environments to provide additional assurance for critical

applications°

4) S.tatistical Demonstratio n Tests

At higher system levels, where numerical reliability goals

are compatible with available test timer, statistical demonstration to

reasonable confidence or risk levels can be carried out under the move

critical environments°

i!
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I!I o _cle Acceptance Test Program

/'

The ability of the factory acceptance test program to

provide data for measuring n_Jerical reliability will be one

of the areas of intensive review during the detailed planning

of acceptance testsQ The normal pattern of factory acceptance

testing follows a building-block concept in which parts, compon-

ents, sub-systems, and ultimately, the complete vehicle are sub-

jected to tests which assure the suitability of each manufactured

item for use in flight° At this stage of the Apollo program

sufficient detail does not yet exist in the factory acceptance

test plan to assess with precision the exact amounts of data

which will be available for measurement of reliability° The

extensive experience of the Martin Company on related programs

does, however, permit significant conclusions to be drawn re-

garding the measurement of reliability at each of the bu_idlnE-

block steps of a factory acceptance test _ro_Tamo These con-

clusions are stated below:

(a) Parts Acceptanc e .Testing

Factory acceptance testing at the parts level

is not expected to yield any significant demonstration

of numerical reliability required of parts for use in

the spacecraft° The two factors which prevent demon-

stration at this level are the amount of data required

for demonstration and the adequate simulation of part
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........ i ...................................

environments including application factors and inter-

action with other parts° Numerical reliability re-

quirements of parts for use in the spacecraft are nor-

mally in the order of 1,O00,OOO hours _BF (or 10 6 duty

cycles MTBF)o Data at this level are, however, essen-

tial to the control of parts adequacy and to the elimin-

ation of detected problems°

Component Acceptance Testin_

Factory acceptance testin E at the component level

falls much in the same category as parts in yielding a

significant demonstration of numerical reliability re-

quirements. Although much less data is required for

component reliability demonstration because the numer-

ical requirements average one or two orders of magni-

tude lower system a_plication and interaction factors

are still not present during tests° Components do_

however_ normally undergo simulated environment tests

as a part of acceptance yielding valuable data on en-

vironmental adequacy and improvements required.

Sub-s_stem Acceptance te_tin_

Factory acceptance testing _t this level of

equipment complexity normally provides an adequate

index of numerical reliability when the results of

several systems worth testing are combined° Subsys-

tem interaction factors are usually missing, however,

_10_



(d)

as well as valid simulation of flight enwironmento

This type of testing ia most valuable in detecting

variances in numerical reliability bet_een identical

subsystems and in detecting sub-systems of significantly

lower-than-required reliability° For the Apollo subsys-

tems which operate continuously during the translunar

and _ansearth phases of flight, t_e amo_t of testing

for acceptance will not provide numerical reliability

indices of significanceo

Spgcecraft Acceptance Testin_

Factory acceptance testing of com_osite subsystems

installed in the spacecraft will provide an index of

numerical reliability for the group of subsystems opera_

ted. Under normal spacecraft acceptance testingt however_

the propulsion subsystems would not be operated except

for their electrical az..d pneumatic sequencing and theiP

effect on the reliability of the remaining subsystems

would therefore not be determined° Simulation of flight

environments is also not practical at this level thus

indices would be determined under factory ambient con-

ditionso The major benefits would be in assessing full

subsystem interaction effects on reliability of the sys-

tems tested and in letermining crew reliability when

subsystems are sequencing through their normal mission

functions. I% would be expected that the simulation



(e)

of a spacecraft mission during acceptance would shorten

the amount of time in the translunar and transearth

phases of flight°

Additional Sources of Data Supplementing Factory
Acceptance Tests
- -- . .. - " • : _ : i ii J i i i i i iiii1 iii i i __

Two primary additional sources of data will eXist

during the factory acceptance test program° These at%

the continuing tests of functional system mockups and

a functional spacecrafto These equipments will continue

in test, following their use for development purposes,

paralleling the factory acceptance test programo The

primary purpose of these equipments is in their use for

failure evaluation and for testing of proposed changes°

The nature of this testing is expected to prevent unres-

tricted use of data generated for evaluation of relia-

bility9 however_ those deviations from flight config-

uration and from fixed test procedures will be carefully

recorded to prevent erroneous conclusions concerning re-

liabilityo The major contributions of these equipments

to reliability data acquisition are therefore expected

to be in providing data on problems not anticipated

during latter phases of the program°



IV Check List for Test Review

The review o£ test plans to assess their ability to yield

significant reliabiiity data_is a most important function at this

stage of the Apollo programo Substantial influence can be exerted

to make each test yield a maximum amount of data without significant

increase in cost. The basic approach used by the Martin Compu_ on
, j

similar programs is to mlnimi_e added-cost reliability testing and to
v

derive most of the data from n6rmally scheduled testing. In aocordance

with this concept, a detailed review of normally scheduled testing

is conducted with emphasis directed on the following test parameters:

Io Sample size _ test" d_ration _,
, , . ,, , ,

These parameters are reviewed to assure data on

variance between _a_les and to assure that test durations
simulate mission times° The appropriate balance be-

tween sample sike and test duration can also provide data
on equipment life without resort to speciall_ planned
life tests°

20 Criteria for acceptance

o

An essential part of each test program which

is frequently overlooked in the test plan is the es-

tablishment of acceptance criteria, including a
definition of success and failure° Test review in-

sures that each plan_ad test has adequate definitions in
this. areao .

Statistical confidence, of conclusions

Review in this area is directed at assessing the

accuracy of measurement considering both basic measure_

ment syste_ capability and the number of replications
of critical measurements.

40 Operating characteristic curves

Emphasis on this test parameter is directed at

ascertaining the probability of erroneous conclusions
fro_ the test results.

- 13



50 Test conditions

Review of this test parameter is directed at

assurir_ adequate simulation ok mission environments

and adequate adherence to the ordering of tests to
simulate the mission sequence.

60 Data acquisition and processing

Review in this area insures collectionof re-

quired reliability data and expeditions processing

to meet program schedule requirements.

7_ Criteria for corrective action

Review of the test plan in this area insures

that a prescheduled sequence of events is followed
in event of failure during test and that £ailure

data is fully utilized to effect reliability im-

provemerAts o



..............................................

A. REL!ABIL3 '1_

The Apollo reliability effort i._ a technical task directed at

_<;:_r_inati.on of trouble_. During the _ tudy contract, problem areas

_nd weaknesses have been anticipated and corrected by means of

evaluation of proposed designs,:, During subsequent program plans,

_ha_-_is will cha_e to the analysls of test data and the solution of

kuo_':n problems° T_is present concentration on evaluation of design_

coupled with careful planning fez, subsequent program phases, is

e.:_sential to the conduct of a gucces.gful reliability effort on Apollo.

The tasks which mu3t be performed on subsequent phases have

been identified and form an important part of the overall program plamo

During the present Apollo contract, reliability work has con-
cemtr_ ted ore:

(I)

(2)

Support of the design effo:'t to arrive at a configuration

with high inherent r,_liabi!ityo

Support of the program planning effort to define the co.duct

of a follow-on contract for the system,,

As a result of this effort the techn_.cal and management aspects of the

reliability program have recei._ed _erious attention°

The program comprises seven tasks:

l Determination of Numerical Re___l_,ability Requirements

Values of reliability consistent with the desired probability of

_s_ion accompli-]hmcnt au_,b be established as a basis for evaluating

pr-opo_ed systems°

i!_ Definition of. .Design requireme, nt_

"f'h_ required nume:_'ical values of reliability must be translated

into requirements which the designer can fulfill through known design

techniques<, At the pre_-_ent state in reliability_ only gross rules are

c<va_,lable to identify design f_atu:_e_ ";_hich will yield given numerical

v_ilues of reliability_ Considerable negative data is available, how-

_:,_e_'_ to ide_tif2 design features _h£ch will not yiel_l a specific re-

quired value of _eliabi!ity_,

_ _1 Conduct of Des_isn Evaluation Stulies

Alternate methods of perfornd._ug a system function must be

.::vaicated to select the superior m_t_od. Reliability effor¢ in this

__'ea yields high dividends because tae emphasis is on comparative

_al2Fsi,_ rather than on ab_ol_._te v_l_es of predicted reliability°
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_ Conduct of Dasi_

For the selected system design, compliance or non-compliance

with design requirements must be do_:umentedo Most significant is

the identification of requirements for which compliance cannot be

ascertained when the design review is in progress° The program

should be carefully reviewed at this point to provide proof of com-

pliance in these unknown areas prior to flight.

5° Identification of .Critical Product Characteristics

A_ part of design review on the selected configuration_ this task

provides a means of controlllng the product during procurement,

_anufacture_ shipping_ handling and storage° Failure to identify

significant product characteristics will result in generalized types of

uontrol methods in the above areas _hich do not anticipate causes of

product degradation.

_o Demonstration of Control of Critical-Product Characteristics

Every inspection or test performed on an article of flight

configuration hardware is intended to prove that certain product

characteristics are under control,, This task insures that inspection

and testing doesg in fact, provide _uch proof°

Zo Reliability Data Collection and Utilization

Reliability data on tests conducted., equipment operating time

and equipment discrepancies must be collected and analyzed to

determine status in achieving system reliability and to provide an

organized method for improving system reliability in the areas

yielding the biggest dividends_

_Ihe management aspects of the program are associated with

accomplishing these seven tasks on _chedule and insuring that the

information resulting_ from each tas_ is used to influence decisions

in the conduct of the program°

Hew these tasks apply to Apollo may be seen in Fig° IV-7, which

shows the key events during the life cycle of the Apollo vehicle, the

program activity required to make each event occur and the specific

reliability effort which takes place as a part of the program activity°

The present reliability effor_ on Apollo will result in a specifi-

cation which documents requirements for the conduct of the Apollo

reliability effort_ a program pla_L showing the specific tasks which

_'ii_l _eet the requirements of the s_,ecification and the detailed

_eliabi].ity ana]y:,_is performed on the spacecraft systemso Sub-

_eqze['t figures an_ text show the nature and forraat of the system

:_na _y_.'e_<_which have been conducte_ since program inceptiono
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Test Logic Anal_si e

TM 18-1

3-6-61

For each plan considered, a test logic analysis has been made

in order to fully investigate all expected problem areas that could

be encountered and to _rmulate an approach to the solution, As a

basis for this analysis, two assumptions were made, one, an expected

overall test result probability and a percentage of data retur_ that

would validate proceeding to the next test objective. It is well to

note that the_e figures though based on assumptions are fairlyreal!stie

numbers. From these figures we were then able to determine the vehicle

requirements that would satisfy our test objectives. Ref. Fig. |8-Z_.

Figures 18-1a thru 18-1c are a general and detailed logic plan

used in determininEour operational philosophies during the test program.

In this manner, we have retained the ability of making early decisions

in problem areas without serious delays to the pro_Tam.

Since we have not "per se" assigned specific vehicles as back-up

throughout the program, we have aligned our testing process so that

there is an established plan for each contingency. In this manner we

can avoid the usual program delaysand stoppages.

Obviously we cannot, in the limited space available, detail each

test series and phase therefore we shall only outline all the procedures

and philosophies used for a single test within a series and phase. The

sample used in Fig. 18-1d is for PHASE III Series I_ Undershoot Tra-

jectory. For this outline we will consider only three general result

categories.

three.)

Case i°

(Actually the test results probabilities are more than

Success - The conclusions here are self explanitoryo



Case 2. _ooster Malfunction- This maybe the result of abort,

rares safety or improper flight profile etc. It

could also be considered as incomplete data though

any test will furnish some usable results.

Case 3- Space'craft Malfunction - This is considered a discre-

I_ncy "also in that the vehicle will have arrived in

its area of test but test results are lacking because

of limited data, system malfunction or no data at all.

In Case 2 then we with NASA, AMR and booster contractors make

an analysis based on data obtained. For the most part the test ob-

jectives are rescheduled for the subsequent vehicle with its test

objectives transferred to the next. It is well to note here that the

sample used for outline is the most critical test area in that we cannot

double up _he mission Objectives of the next test. _

Case _ also requires an analysis by the contractor, his associates

and NASA based on data return. Based on the results the required chan_es

are incorporated into the next test article and rescheduled. Where the

changes are major in nature facilities may not be adequate to incorporate

them into the next test vehicle at the launch site. Should this be the

case these changes would be started in the earliest vehicle possible

that would allow the minimum of test time slippage.

Having made the above decision we then reschedule the mission.

As before we can expect, though improbable, the results that occurred

in Case 2 and Case 3- Should however, this occur we then carry our

analysis into its second step.

Step II

Case 2. The reasons for arriving here will remain in all probability

the same, our course of action however will differ somewhat. The Test
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Review _oard together with NASA, Booster Contractors and AFHTC will

now make a critical review of mission objectives in terms of booster,

systems and range capability. Based on these results the earliest

possible decision is made as to cur next step which could be additional

boosters and spacecraft if we are to test to success (80_ data return

probability) or test compromises that can be made without jeapardizin E

the test program4

Case 9- Here as in the first step of the analysis the reasons

will for the most part remain the same. The Test Review Board t_pthe_

with NASA and sub-contractors __ll analyze test results, fnctorin 8 it

by a critical systems analysisj manufacturin_ procedures and supporting

tests that are used in arrivin E at our previous chanseso They will

then make a decision as to system or system8 redesisn or rework, their

testing and our approach to future tee,ins. If testin_ to success is

mandatory, based on test results we then again have at the earliest

possible time made a decision as to additional booster and spacecraft

allocation. Or as in Case 2, we can, based on limited data, arrive

at a test compromise or mission objective tradeoff that will allow us

to proceed°

There are other facets of this analysis too numerous to cover

here but it is worth me,ionisE some key highlights.

1° Each change will be backed by through and comprehensive

testing.

2° When proceeding from one series or phase to the next series

or phase the first vehicle in each is for the most part

compatible to the previous one.
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3- The Test Oper_tions _taff by being "on the soene" insures

a continu:Lty of effort and test throughout the programo _n_e &

secondary function of this st_f is to act as the Test Review Board

they have a oomplete and through knowledge of the problem areas.
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II_FLUENCEOF SPACECRAFTANDBOOSTERRELIABILITY ON SELECTION

OF THE NUMBEROF VEHICLESFORTHE FLIGHT PROGRAM

J
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6 March 1961
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NUMBER OF V_HICLES FOR THE FLIGh_ PROGRAM

Selection of Boosters and Spacecraft to carry out each Apollo

mission has been made by examining the estimated reliability for each

spacecraft and booster. Fi_are 18-2a relates spacecraft, booster,

recovery and flight reliability with vehicles required, successful

flights required and the probability of success of any particular

flight series. The reliability numbers represent the middle ground

between the optimistic and pessimistic prognostlcatien. It is assumed

that reliability is constant during a flight series utilizing similar

boosters and spacecraft. In reality some improvement can be expected

between the first and last flights of any series.

The constraints imposed iu developing the flight test pro_ram

are as follows:

io Program completion date (first successful Lunar orbit).

2o Rate of Saturn launching (series connected flights for R/D

program)°

3_ Booster, spacecraft, recovery data acquisition reliability.

4° Predicted availability of Saturn boosters, particularly R/D

and early operational vehicles.

5o Probability of success of any flight series will be a_ least

85 o

The flight test plan was developed by first establishing the elements

of the program: parabolic reentry_ abort, earth orbit, etc. The ever-

................................ * .............. .............



all program was then "_oughed out"_ taking into consideration a com-

pletion date of lunar orbit in 1969, maximum launch rate of 4 per

year, the span time to develop the Apollo hardware, and estimated booster

availability reflected by current Saturn planning. Critical program

phases and series were then pointed up by examining the chart in

figure 18-2a. The first critical fliiht series occurs in Phase III,

Series 3, Heat Shield demonstration flights using Saturn C-1 R/D

boosters. Two successful flights are required before the program @an

continue: overshoot and undershoot reentry. Six flighSs must be

scheduled to yield 85%probability of success of the series. Four

Saturn C-1R/D boosters arc predicted t@ be available. Two Saturn G-I

operational boosters could Be allocated to give a total of 6 vehicles.

Howsver_ it is felt highly desirable to produce a manned Apollo flight

as early as possible by using the first C-I operational booster avail-

able. Therefore, this flight series is approached as followsl

Io Plan 4 flights - probability of success is 64%.

2o If first flight is successful, one success out of 3 remaining

planned flights will yield about 80% probability of success.

Continue program.

3, If first flight is unsuccessful, two saccesses out of 3 re-

maiming yields a lowprobability of success of 53%. At this

time_ an alternate plan will be initiated to a11ocate 2 addi-

tional boosters and spacecraft to the program. Saturn C-I

operationsl boosters originally planned for Phase llI, aeries

1 would be reassigned to Phase Ill, series 3- This allows

a 21 month lead time for the replacement Saturn G_l operational

vehicles to be ordered and prepared.



This approach is to b_ fe!!o_ed in the Phase ili flights where probability

of success is lower than °85o T/_e price paid in improving probability

of success is basically prograz schedule. Assuming a leveling-off

reliability for booster and s_acecraft and a minimum launch rate (4

per year for Apollo-Saturn _2)_ probability of success in a flight

series can be improved by addin G boosters and spacecraft to the program

or by reducing the num_r of successful missions required ina series°

The latter approach teJds t0 reduce thereliability(probability of

successful flight) br_ause a number of objectives are crowded into one

flight oz insufficJ_nt number of parameters are investigated° Increasing

the number of _J_ters and Spacecraft per series provides higher success

probabi!J_# at _ _e expense of a later completion date since Apollo is a

s_r_ s stepped "esearch and development program. The exception to this

;_ituation is th_ manned orbital laboratory flights which can continue

at a more rapid launch rate and in any desired quantity while the lunar

_issions proceed.

Methods of flight program improvement can be illustrated by

examining figures 18-2b and 18-20 which are the basis of establishing

the number of vehicles required to meet a given probability of success.

Three approaches offer higher probability of success:

I. Increase reliability of booster and spacecraft.

2. Increase the number of boosters and spacecraft.

3° Decrease the number of successful flights required.

The following example illustrates relative improvements:

Number of successful flights required =

Number of vehicles assigned to series = 5

Total booster - spacecraft reliability _ 60%

Probability of success of series of 5 flights = 69%



__ement in Succe__sProbabilit _ -- 1o6

% improvement im reliab_.lity

Increase in s_ccess probability for additional flight = 14o5%

increase in success probability for one less successful

flight required = 32%
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PHASE
I

_x

ZII

Zt i_ conceivable tb_t _,Te_ cr_,_ _b_ _J_li have had space

a_l_n%ation _ 6_%rtal or p_,_.bolic fli_hto This them _-£II

result in a Patio of space qualified crew members ioeo 2,,,1 =r

iw2 crew alignmsn%o

do Sho_Id _ightlessness _resen% no m_Jor problems . i.e., ph2micml

orientation), we .then oan poSeib!y, dispense with one of the prime

•objectives of the'_ercury carry-ore pro6Tnmo

Crow re_irmJsnts for flight participation.

SERIES

l

2

TF_T CR_ d%_.
mm_mmmmm

a A 2/65 a.

b.

B 6/6_

o 9/65

2166

A 51_

b

d

Co_et, grom_iand night

I._.oury expex_e_oe

Same as above

Same as above

Same as above

a@ Same as abo_o

Same as above

,_ _ _/_
1

a B nJ_

Same as above

Sm_e as above

,,

a_ Same as above

Same as above

Same as above

a. Same as above ÷ O_bi%al

o AX÷cX ?/_

a B xo/67

b E _'6S

Same as above

Sm_e as above

Same as almve

Same as above

Smmea_above



PHASE
N

ZII 5

TEST CREhT did@ REQUiREI-_NTS

a C 6/68 ao Same as above

b CI 9/68 Same as above

c A I_/68 same as above

d _ _69 _ asable

• S 5/69 same as above
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The results of a preliminary study of the meteorite

p_netration problem has been presented in the manned lunar vehicle

feasibility study (ref. 1). Further and more detailed analys_s of

this problem has been made during the initial study phase for two

p_oposed Apollo spacecraft - the M-l-1 and the L-2C. This analysis was

b_sed on the 1957 meteorite model of Whipple (ref. 2) and the

p_netration equation of Summers (ref. 4). The probability analys_Js

w_s based on that developed by Naumann (ref° 3).

The probability of no penetration was determined for

v_rious critioal components of the two spacecraft and then combined

tc obtain an overall probability for the entire spacecraft° It was

found that both the M-l-1 and the L-2C have an overall probability

of no penetration of 0°97 for a 14 day m4saion°

The analysis made thus far show the meteorite problem is a

definite design consideration but one to which reasonable answers may

be found if the desired goal of probability of no penetration is in

th e} order of 0.95° All analyses for meteorite penetration are, of

co lrse, limited by the present knowledge of the meteorite environment

an l the hyper-velocity impact penetration mechanism°

A discussion of the future study effort is also giveno
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_TEORITE MODEL

The meteorite model that has been used for the study

a_alysis is _'_ipple_s 1957 model as given in Table I of ref. (2).

This model defines the meteorite mass, size, density velocity and

.......... of occurrence. The meteorite density is 0005 grams per

¢_bic centimeter based on Whipple's "dust ball" concept. The data

f::om ref. (2) is summarized in Table 1 of this memo.

P_OBABILITY ANALYSIS

The methods outlined by Naumann (ref.3) has been used to

e3tablish probability curves showing the visual magnitude of meteorite

flat must be protected against in relation to the desired probability

o_ no penetration and the exposure. The exposure is a function of

o_ the exposed surface area of the vehicle and the time of the mission

!a spaceo Figures Ia and Ib show the probability of one or more hits

o_ our square meter in one day plotted against the meteorite visual

_agnitude from Fig° 5 of refo (3)0 Using the data of Fiaure Ia and

Ib_ it was possible to derive the visual magnitude of meteorite to

be protected against for a given exposed area and time of exposure

_s shown in Figure 2. Knowing the visual magnitude, the size and

velocity of the meteorite can be found by using the k_ipple meteorite

_ode3 _ Shown in Table io
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In order to determine the required sldJZ thickness needed to

rostst penetration by a given meteorite, a penetration equation is

r_quiredo For the study analysis, Summers' equation (ref. 4) has been

u_;ed. This equation was selected because it shows a satisfactory

cc_rrelation with impact test data over a wide range of velocities

(t:p to 32,000 fto/se¢o) and a range of projectile to target densities

a_ shown in Figure 3 _ Su_mers' equation gives the penetration of a

g_ven diameter projectile into a thick target. The required thin

s_ngle layer thickness was taken as twice the depth of penetration

ira thick target given by Summers' equation. This is reasonable in

t_at it has been found that a projectile can completely penetrate a

t_rget whose thickness is roughly one and one-half times as large

as the penetration into a quasi-infinite target as stated in ref. (_)o
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Figure 4 shows the required skin thickness for various

_aterials to resist penetration by meteorites of various magnitudes

based on a meteorite density of 0,05 grams per cubic centimeter.

Figure 5 shows a weight comparison for various structural materials.

_ the use of Figure 2 and Figure 4, the required skin thickness for

v_rious probabilities of no penetration, exposed surface area and

t [me of exposure can be readily determined as shown in Figure 6 for

a Luminum alloy.

,,

Preliminary studies using the curves of Figure 6 indicated

a rather heavy gauge of aluminum (0°100" or more) would be required

to obtain a probability of no penetration of 0.95 for the larser

c,_mponents of the Apollo spacecraft (e.g. the mission module).

_r,wever_ Whipple had proposed the meteorite "bumper" concept which

i_.dicated a significant reduction in total skin thickness by use of

t_o skins suitably spaced apart.
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From tests run by Olshaker (ref. 6), it appears that a

"bumper" of suitable design may allow a reduction in a single layer

thickness to one-third. Olshaker's data was obtained from tests

u3ing lead. However, some "bumper" test data using aluminum alloy

i3 in general agreement with the lead test data. The Martin Company

h_s made some "bumper" specimens of aluminum alloy. These specimens

wLll be impacted with hypervelocity projectiles at the Ballistic

R_search Laboratory of the Aberdeen Proving Grounds. Data from these

t_sts will be used to determine the "bumper" effectivity in aluminum

a tloy 14 S-T6 material. For the study, it has been assumed that the

u Je of a "bumper" will allow a reduction to one-third of a single

s_in thickness as discussed in the preceding section.

It might be mentioned that five specimens of heat shield

m_terials (ceramics and ablators) will also be tested by BRL to determine

p,_netration resistance.



P_'_NETRATION PROBABILITY FOR APOLLO SPACECRAFT

20-?

The results of the meteorite penetration study for the M-l-1

and L-2C spacecraft are shown in Tables 3 and 4. It will be noted

that to obtain an overall vehicle probability of no penetration the

e::posed surface area and effective skin thickness of various critical

components has been used. The external skin and the flame shield

for the rocket engine surround the components of the mission module

and the propulsion systems. Advantage has been taken of this surrounding

s_n to serve as a meteorite "bumper" to protect the enclosed components.

In order to arrive at the probability of no penetration for the various

components, it was necessary to determine the equivalent thickness of

a'uminum where the materials used are different (e.g. the heat shield).

This was done by finding the equivalent penetration resistance of

the material in terms of aluminum. The "bumper" effect of the external

sl_n and flame shield has been used to arrive at an effective skin

thickness using a factor of 3 (see Page 6 above). The heat shield

cinstruction will also serve as a "bumper". The results in Tables

3 and 4 show that the M-l-1 vehicle, for a 14 day mission, will have

az overall probability of no penetration of 0.978 and the L-2C will

h_ve 0.9?6. This probability is based on a conservative assumption

of no earth shielding, no mutual shielding of the components by each

other and penetration based on meteorite impacts normal to surface.

T!e solar cells are shown to suffer only a very small damage (less

tlan 0.02%) due to meteorite impacts°
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FUTURE STUDY EFFORT

Future effort durinE the study contract will involve the

analysis of the W-1 Apollo spacecraft for meteorite penetration

u_ing the methode outlined in this memorandum. The teat data from

t_e aluminum alloy bumper specimens will be evaluated to deternine

t_e effect of the "bumper" configuration. The data from the impact

tests of the heat shield materials will he evaluated to determine

t_.eir penetration resistanceo Further ana_sis will be made of the

heat shield design of the comand module as to its ability to with-

stand meteorite impacts.

The reaulte of the study of meteorite penetration will be

presented in a final report at the end of the study contract°
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M_l_l A_ferage Heat Shield
Cross Section

L_-2C Average Heat Shield
Cross Section

- - Iylon Phenolic

: '" blatorIIIIi  o,o.
Z_/ / ,IIj _.//__.,_ Alloy

_ 5" Insulation

_040" Alum_

X Pressure Wall

_k (Same as _,I-i

except Ablator is _")

2 .... Assuming bumper increases effective skin thickness by a factor

6,

of 3_ i_eo effective skin = _ x (Bumper thickness + Basic thickness)o

0_240" steel shell equivalent to 0°49" aluminum°

0°040" steel cooling tubes equivalent to _O77" aluminum°

0.,040" aluminum external skin acts as bumper°

0_,020" ._t_._.elflame shield acts as °0)9" aluminum bumper°

0°025" silicon cells equivalent to .,020" aluminumo

Solar Cell Effective Area

Cell size 5/8" z "5/4" ,,025 silicon face

I0_000 cells/array 12 arrays

Total cells = 120_O00 arran@_ed in groups of five

Visual magnitude meteorite to destroy °025" silicon face

is 16o2 or less %estimated.)

_,_ ..... ated n_h_ber of <_ missh_._s for day ion is four for

-:.'_c:u_i_:IL,.hits destroy 4 _._._,i;.o_-'-of 5

.... _ ,___Li......... ._, 0ooi_.7 (-'-,.,-,.,w
112(":.(.',00

,:_:!.!_'_ the damage is

l ::'/'c. c;;.';.'::'_ ,,:'cA ,_.,.i ,: .:)C.0.':,.6"/= .,9':'_,-'9 8 TM.-'

: ..... : .... ...... ]1.[......
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_n and flame shield _erve as met_,o_'ite b_mpero

Penetration is not a problem°

_'_. Ov_s.!l prooa_,_,lity of no _enetra_,ion for no earth

s_.!e!ding_ no mutual shieldlr_ of oomponent8 an_

all meteorite impacts normal to surface°
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Aero Control System (Hot Gaa)



3-7-61

r.rod_na_iic _o_er Cont_l System

In studying the design requlreaents for the reentry-aerodynamic power

coutrol system_ it beca_e increasingly apparent that the conventional hydraulic

powered system has serious limitations. Closed cycle system leakage, fluid

temperature limitations, and redundancy requirements to achieve reliability

with the complex hydraulic system brought us to the realization that a hot gas

_ystem should be evaluated. It is believed that by proper design and

component selection either system could be made to satisfy the functional

system requlrements and that system weight should be the ultimate basis for

_election.

The results of the evaluation, fig. l, fig. 2.__2_ of a conventional

dual hydraulic system powered from H2 and 02 fuel A_PoUo turbines against Both

_nono and bi-propellant hot gas systems have shown a decided weight advantage

in favor of the hot zas system. The hot gas system has several other signifi-

cant advantages: high ambient temperature compatibility, capability of using

the gas source for both the aerodynamic and reaction control systems_ and

rstem sJmlplicity through a single energy conversion from fuel to actuator°

The hot gas systems evaluated were co_)£ete systems while the hydraulic

_y_tem included only incremental fuel and turbine weight increases over a

system already installed in the vehic£e_ The weight difference would have been

consideraoly larger if all the fuel system and turbines had been charged to the

hydraulic system alone.

On the basis of this evaluation, a hot gas system_ fig° ,_ , has Been

selected for Apollo. The selection of the fuel to be used will be made in

the last half of the program after a more detailed study into the possible

integration of fuels with other vehicle power systems.
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Typical Weight _ummary

W-I Configuration

HOT GAS

Energy source - H202 fuel

System pressure - 1200 PSI

System temperature - 1400"F

Harmonic drives (4)

Pneumatic motors (8)

Servo valves (8)

Transmission lines

Gas generator_ misx. valves_

fuel and tankage

Total Weight

89.0

22.6

I0.0

9.5

85.9

217oO

HYDRAULIC

Energy source - H 2 * 02 Turbine APU's

System pressure - 3000 PSI

System temperature - 450QF

Tubing

Actuators (3)

Filters

Check Valves

Relief Valves

Servo Valves

Reservoirs

Pumps

Fluid

Cooling

Insulation

Fuel

APU Weight Increase

Total Weight

42.0

72.O

12.O

3.0

6.5

8°0

24.0

30°0

54° 4

20.0

20.0

7.4

4o.___.o._o

339.3 Ibs.

J

TM-21

Fig_ 2
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This report presents the results of the first half of the

Apollo study of vehicles for circumlunar, lunar orbit, and lunar

t_keoff missions°

Analyses of ten re-entry bodies have been made in detail and

the weight comparisons are shown in Tables Iana Iio Prom these

_ata, four vehicles were selecte_ for more careful analysis. The

weight summaries of these four vehicles are shown in Table IIio A

brief description and a detail weight breakdown of the major components

of the selected designs follow Table IIio

During the second half of the Apollo study the weight of the

selected configurations or configuration will be further defined an_

optimize_o The center of gravity will be positioned properly° Require-

ments for _etail design weight and center of gravity optimization will

be determinedo Specifications for actual weighing, actual 0oG° determina-

tion and possible moment of inertia determination will be prepare_
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APOLLO

S_lected S_:acecraft Comparison

W_! Integrated L-2C Integrated
, i,,

?:_ 2_jo.__

Heat Shield 1520 i556

Stz_.cture and Co_tro!s 1589 2011

Crew and Equipment 2938 4202

L_l_nch Escape System i000 1280

l_ission Module (4345) (2606)

v._._ Capsule and Equipment 1857 -_,

Struc%ure and Controls 1912 1660

Equipment and _-ro_stems 596 946

Propulsion S2ste_ and 4332 4356

Px'opellant

_.o_.alCircumlunar 14724 15191

(Effective) *

_Propellant and Equipment 4084 4040

Total Lunar Orbit 18808 19231

(Effective)

P_opell_ut 3549 3577

Total Lunar Take_-_Off 22157 22608

(Effective)

(5711) (7982)

1280 1686

1493 2039

2958 4257

lO97 1498

(427l) (2597)

1837 --

1848 1661

586 956

4298 4432

14577 15709

4054 4137

18611 19846

53o5 3460

21916 23306

* "effective" weight includes e, reduction of 800 lb. to

account for the fact that the launch escape tower is

jettisoned at 500,000 fro rather than carried to escape

velocity°



II SU._,_ARY

(D) CENTEROF GRAVITY

L-2C

Most Aft Permissible Longitudinal CoGo(X ) 20°0%

Longitudinal C,,Go Calc_ (Before Ablation) 19o5%

Longitudinal CoG° Calc° (After Ablation) 2001%

Vertical CoGo Desired ( _ ) 3%

Vertical CoG° Calco (Before Ablation) 1o4%

Vertical CoGo Calco (After Ablation) I_O%

CoGo in percent of 1 ref shown below

Modo Integrated

w-._..L1 ,.w-1
62% 62%

65°3% 60°6%

68°3% 63°6%

0 0

0 0

0 0

L-2C W-I

i r,ef

!

i
2

I ref
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A LAUNCH ESCAPE SYSTEM

'_._'h_st required to separate the Command Module from the

N:L',_,on Module under abort conditions is critical at maximum

for all config_rationso The thrust required is 77,500 Ibs. for

2 seCo for the W-1 and 120,O00 lbso for I SeCo for the L-2G o

This differences in thrust requirements is primarily due to the

drag difference between these vehicles°

The e_.me rocket is used in both cases except for a slight

znod:tficationo The L-2C rocket is increased in length to reduce

burning, time to one second° A weight penalty of 50 Ibso is

ch_:.rged to the empty case for the additional length increment°

Tower length is established by CG requirements of the Command

Mo4_n.ie and rockeb package on the L-2C,_ Minimum escape system length

is 200 ino from the nose cap of the Command Module to the LE of

z.ocket on the L-2Co On the W-1 the tower length is established by

._o_],_:et blast clearance requirements° The CG requirements on %his

_rehicle are met by separating the Co,_nand Module from the Mission

Mo_.ule at a frame 48" aft of the normal recovery separation frame°

In this manner the skirt remains with the Command Module and moves

the AC aft of the CGo_"hen there is no emergency escape requirement,

such as when re-entering from orbital flight, the separation between

the Command Module and Mission Module takes place at the recovery

se_:aration frame

Weights for the integrated configurations were approximated°

_'_.i.s_te_review indicates the approximations shown below for the inte-

g're,%ed versions are too heavy by 200 Ib_ in both cases°



- .r}',1 22=._.0

"_I.._ L_2C W°.=IInte_ L_2C InteR6_

inert 186 236

Propellant 664 664

Tower IiO 163

Separation System 40 34

Total I000 1097

B COl@lAND MODULE

I Heat Shield

The heat shield is made up of a composite of ablators with either

structural insulation and cooling, or a radiant type shield with in-

sulation and structural cooling° The ablator is used to absorb the high

heat rate peaks, the other underlying layers _re used to resist the long

time_ lower heating rates°

The heat shield weight is based on consideration of an overshoot

boundary at CL i_ax without skip and an undershoot corridor of 60 nauto mio

from the overshoot boundary. No lateral or local maneuvering has been

considered at this time°

The heat shield design personnel have applied a 25% factor to the

heating rate° The weight group has aoplied a nonoptimum factor of 15%

to the basic heat-shield weighto

In the case of the vehicles selected for further study_ the L-2C

weight is based on trajectory data for that vehicle° The W-I heat shield

weight is based on the M-1 data since specific information was not

av_.ilable for _he W-lo Some early indications are that this assumption

may prove to be optimistioo The integrated vehicles had approximately the

same w_.ng (surface) loading as the modular concepts and therefore the same

unit weight for shielding was maintained°



P_rtinent _at_ with reg_.rd to the _eight braakdown are as

(2)

T_ 22_11

Density of nylon-phenolic ablator is 76 Ib/cu fto

An allowance of I Ib/sq ft is assumed for the weight of

the super alloy metal and its installation°

(3) Density of EDL-17 insulation, which is used with the

super alloy radiation shield is 12 ib/ou ft.

(4) Weight of the structural insulation is estimated at

I Ib/sq fro This insulation is used when the insulation

requirements are relatively lowo Though not as effective

as super alloy and ADL-17p there is no weight penalty re-

quired for attachment since this material can be bonded direct-

ly to the ablator and the pressure structure° Another ad_

vantage of the structural insulation is that the bond is

good at higher temperatures than the super alloy bond and the

ablator need not be used for insulation to keep the bond

temperature at satisfactory levels°

(5) One-half of the insulation weight is subtracted from the

shield weight and allotted to the shield-ceollng-system

weight°

Tables IV and V show the heat-shield weight distribution for

the L-2C and the W-I modular concepts°



. r.3
_.he heat.-shie!d weight suzmary is as foile,_-is:

TM 2 2.-.-12

Ablator

Super Alloy and Installment

vt (l

Insulation (ADL-17 and

Structural Insulation)*

W-I LL-20 W-I InteR°

2_4 216 978

126 117

L-2C !nte_

961

Shielding for Parachute e_d
Rocket Containers

16) = 163

Prov_ for Parachute Risers 20 - 20

Door Cut-Out - 22 44

Window Assembly 30 30

Structure Added for Movable

Shield at Landing

181 249

Nonoptimum Factor

Total Weight

Surface Area (Sq_ Fro)

15o 145 174 193

1140 I188 1355 1477

54} )40 407 461

* Insulation weight shown is only that part coded to shielding° A

similar weight has been transferred to structure cooling systemo
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The env_ror_enta! cooling system _ucludes a o!osed loop of

et_!ene glycol fluid_ a radiator exposed to space and an open loop

of water which is boiled off°

The closed loop is comprised of tubed sheet which forms the

shell of the pressure structure and is coded to strumtureo

The cooling system is designed to keep the pressure structure at

200°F or lesso An optimum cooling system size is theoretically

supposed to weigh one-half of the total insulation required° The

neat_shie!d weight includes the part of insulation weight allotted

to _hield weight_

Based on the above with a system factor of 2o3_ a system weight

of 126 Ib for the W-I and 117 Ib for the L-2C would be inaicatedo

Hog,ever, a study made by the environmental group indicated a cooling

system weight of 290 lb for a heat rate of _ BTU/seco This weight

included I12 lb for boil-off water and had a system factor of 2°6°

A compromise was effected to arrive at a system weight by

use of the following formula

W_C WSys o WB S

w-__!L-2__!c

....Lb 180 172

Where

WBs _ _!ater Boil-Off Designed by HeatShield Personnel

WBc = Water Boil-Off Designated byEnvironmental Personnel

W_ = Water System Less Boil-Off Water

_2so Developed by the Environmental

Group ,,

Wool Intego L-2C Intpgo

201 209
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Th_ structure has been desi_ned as a pressure-type structure

wherever possible_ All curved structures form a part of a sphere

e_oept for the bottom bulkhead of the L-2C which is designed as a

flat panel°

The pressure shell is of roll bond or of tubed sheet which holds

thestructure cooling water°

The structure required to hold the 12o2 PSI pressure is

relatively light and near minimum gage in many areas° Frame spaoir_-

is 10" on W-I and 18" on L-2Co There are 3 longerons on the W-I

and 4 on L-2Co

Critical problem areas of the W-I and L-2C may be as follows_

W____IThe intersection of the two spherical domes of

the aft bulkhead may develop eccentric loading

which may offset the benefit of a spherical shape°

Some weight allowance has been included for this effect°

The use of beams in this bulkhead is to take care of

3 PSI loads from external sources with no internal pressure°

L-2C The flat bottom bulkhead has been designed for

strength° A rough check indicates deflection may be

a problem and require larger beam areas than has been

anticipatedo

W-I and L-2C The weight cost associated with making the APU

a separate pressurized area has not been evaluated°



W-I L_2C W-I Intego

_e :.',resentedbe!ow_

....._.o_,.-a _._,1_ s4-.._,n_,. (920)

Fwd Press° Bulkhead

APU - Bulkhead 51

Aft Press_ Bulkhead (Bot) 2)2

Side Press° Skins 255

Frames 89

Longerons 36

Flooring 72

Intercostals 25

Door Frame and Mech. 25

Seat Supports 30

Console Supports 30

Windows 5 at _5 ea_ I_

Separation Fittings IO

MJec 50

Camera Window

(069)

52

84

451

62

18

17

52

29

30

25

10

59

(n56)

54

293

293

108

49

96

28

2.5

3o

3o

15

10

"/5

50

L-2C Inte E

(n6o)
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Flaps are located on the bottom and side of the Command

vehicle and provide pitch and yaw oontrolo The W-I oonfiguration

with its split bottom flaps m8_7 be able to proTide roll control°

The structural weight of the flaps has been derived through

empirical formula° Heat shield requirements are based on 50% of

__temperature on the W-I and 30% stagnation temperature on

the L-2Co

W-_.!l L-2__C W-I Integ°

73 57

178 X16

251 173 320

22 27 27

Flap Structure

Heat Shield

Total Weigh_

Area Sqo Fro

Derivation of Struoto Weight

W__.!

%/% - 2o31 x lO"7 c (_os)2°4

- 2°._ x 10"7 (lo6) (eoo) 2o4.

Lo2C InteR_

211

33

- _,3 lb/

L-2C

%/% = 2o3Z x zo -7 c (_os) 204

= 2o31 x 10-7 (2.5) (5/4./+) 2=4

= 2oll ib/
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5 S_rf_ge Controls

Weight studies of a hot gas versus hydraulic power for the

flap control system indicate the former method is lighter_ This

is primarily due to reliability factors° Whereas the hydraulic

system has 100% redundancy, only the servovalves in the hot gas

system require redundancy°

The hot gas system consists of a 400 PSI positive expulsion

bladder-type tank° Tank pressure is supplied by a 4500 PSI helium

source which also pressurizes the attitude control system° Operating

temperature of the hot gas is 1700°Pc Actuator pressure is assumed

at 700 PSlo Another advantage of the hot gas system is that since it

is located external to the pressurized compartment, it does not create

heat within the moduleo

A weight breakdown of the hot gas systems is shown belowo

The L-2C system is based on 3 surfaces, 140" deflection and_a

flap moment of 109000 ftolb. This system requires a ra_ial actuator

_le to the larger flap movement°

The W-I system is based on 4 surfaces, 42 ° deflection and a

flap moment of 6640 ftolbo This system has a lunar actuator°

The modular versions provide the ratios for the integrated versions

by platform area of the Command Module°
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Plap Control Weight Breakdown

• , ii

W_l Lo2C ....

_ot Ga_ System (200) (232)

Harmonic Drives - 84

V_e Type Actuators - 35

Linear Actuators 60 -

Servo Valves 8 6

Transmission Lines 15 15

Propellant (N2H4) 42 29

Tanks 20 9

Valves

Relief 4 4

Flow Control 4 3

Gas Generator 5 5

Filter 2 2

_iso 5 5

Pressure Plumbing & Valves 15 15

Misc 20 20

controls (_s) (58)

Control Stick 6 6

Rate Gyro Package 2 2

Acoelerometer Package 1 i

Side Stick & Pedal Pick Offs 3 3

Flight Control Units 43 43

Wiring 5 5

Total (25s) (290)

• W-l Intego ..... L'2C.'..I.',nte_o.

(330) (_o3)
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6 Reaction Controls

The attitude control for the Command Module uses a hypergolio

propellant of N20 @ and _ UDMH/_N2H4o Pitch control is obtained by

2 180 Ib thrust rooketso Yaw and roll control is obtained by $

90 lb thrust rooketso A complete backup system of lines and nozzles

are carried for reliability_ The propellant quantity of 80 lb

(an assumed value from propulsion group) is carried in two _ @ubio

foot spherical tanks° The tanks are positive expulsion types

utilizing 4500 PSI helium gas as the expulsion force° The propellant

tanks were estimated by using basic stress calculations for a tank

pressure of 300 PSIo The helium bottle containing °6 pounds of helium

gas is also used to pressurize the N2H $ tank of the flap eontrol

systemo The weight of the 150 P$1 chamber pressure nozzles, including

injector head and actuators, was obtained from preliminary designs and

weight estimates made by Rooket_yneo

Reaction Controls

Propellant

Propellant Tanks

Pressurization Gas and Tank

Nozzles and Valves

8-90 ib units

4-180 Ib units

Plumbing

Propellant

Pressurization

Miscellaneous

W'J "'.L. _2C .i',,, W-_, I'n_e_,, _-2C InteR=

16o 205 225

8O

10

7
,,..4

!
3=
O3

25



7 L.a_di_ S_stem
22-22

The landing system is based on a threefold system, drogue

chute_ main chute and retro-rocket, although the drawings show

landing bags rather than retro-rocket for the L-2Co The drogue

chute is an II foot ribbon-type s_ is deployed at 85,000 foot

altitude° The main, deployed at I0,OO0, is a 47 foot ringsailo

Backup drogue andmain chutes are carried for reliabilityo The

final approach velocity of 70 ft/sea is absorbed by a single-stage

solid propellant rocket utilizing two different thrust levels° The

sizes and magnitudes of the components for the integrated versions

have been ratioed from the modular L-2C and W-Io The weights of

the various components have been estimated from vendor's data°

Landing System

Retro Rocket 210

Mounting and Detacting Ring 18

Cable 45' 5/8" 7x19 Cable 32 '

with Shackles m

2 Drogue Chutes with Risers 70

2 Main Chutes 70

Sequencing Equipment, 50

Controls and Displays

W?I '' L-2C W'l Integ° L-2C Inter*

45O 575 630
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8 ,Auxil_ary_oPower System

Electrical power is generated, when possible, by solar

cells located on the Mission Module° During launch, guidance

corrections, earth and moon shadow periods and re-entry,

electrical power is generated by two 28 volts DC generators

located in the Command Module° The generators, each of which

is capable of generating the maximum average load of 2°2 kilo-

watts, are driven by oxygen hydrogen turbines° The turbines also

drive coolant pumps required for re-entry° The mixture ratio is

hydrogen enriched to keep the combustion temperature within limita-

tion of the t1_rbineso The electrical load requirements ares

Re-entry

Total Circumlunar Mission

Total Lunar Orbit Mission

(14 Day Mission - 50 Nile Orbit)

3°65 m_

22004

46o5O

_he oxTgen and l_ydro_n supplies are stored in a super-

critical state in spherical or c_lindrical tanks under 400 psia

pressureo The conceptual arrangement of tanks for the modular designs

is an oxygen tank in the Command Module large enough for the lunar

orbit mission and off-loaded for the circumlunar mission° Because

of space limitations a hydrogen tar_ sufficient for circumlunar

mission only is located in the Command Module with a second tank

added to the Mission Module when required for a lunar orbit mission°

The second tank feeds into the primary tank as fuel is used° The

drawings show tanks in the Command Module of insufficient volumesp

but the weights are based on required volumes of 11o3 and 0°9 cu ft°
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in the integrated versions the }_ydrogen tank in the Command Module

as capable of lunar orbit and off-loaded for the circumlunar

mission° A post landing cooling of 12 hours is obtained by a 1400

watt hour silver-zinG battery, A gasoline engine with fuel for

72 hour post-landing cooling has been discussed, but since the need

is not clearly defined no weight is allowed for !to

The weight of the turbines with accessories and pump pad

and the oxygen and h_drogen tanks were estimated from a similar

design made by Airesearoh during the DSX study° The other electrical

components were estimated utilizing known weights of similar parts°

Auxiliary Power System

m, , ,m, j i i |, m,i

W- -2C W-1 nte. - C Into
527 675

Electrical Generators and Regulators 56

Protective Relays 18

Exto Power Receptacle 2
Circuit Breakers 6
Bus Distribution Panels 18

Recovery Battery 40

Battery

Voltage Boosters 10

Voltage Regulator
Terminals, Connector 20

Wiring 20
Installation 30

H2 Tank 2°89 I_ Dia 72

H2 Unusable 18
Usable 32

02 Tank 1o26 l_ Dia 19

02 Unusable 11
Usable 24

APU Units w/Accessories 106
and Pump Pad

Plumbing 15
Exhaust lO

Additional Propellant Required
for Lunar Orbit

!

m

Q

56
24-

2
6

18
lp

6
3o

3e
114

36

_2
19

11
24

106

O

,-4
!

m

i

lp
io

24 56
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9 _nvironmentai ,_Controls

The atmosphere of the living compartments is a mixture

of nitrogen and ox_geno The to_al pressure is equal to a

5_000 altitude (12o2 PSIA) with the oxygen partial pressure

equal to that of sea level oonditiono Oxygen is replenished

at the same rate that CO2 is abosrbed from the cabin° The

maximum design CO2 concentration is 13 times that of sea level

condition° Oxygen and nitrogen is provided to make up loss of

atmosphere for the following assumed conditions°

(I) A leak rate of 0005 pounds per hour°

(2) Two recharges from a 5°5 PSIA to the desired

pressure of 12o2o The loss of pressure is

assumed to be due to meteorite penetration and

the leak would be repaired by the time pressure

had dropped to 5°5 PSIAo

Oxygen and nitrogen is stored in 6 separate containers with

4 of them being cryogenic storage° In the modular designs the

large oxygen and nitrogen containers are located in the Mission

Module° Reliability is obtained during re-entryby having both

oxygen and nitrogen stored in the containers° The weights of the

oxygen and nitrogen tanks were estimated bycomparing them with

known or preliminary designso

CO 2 is removed, while in free flight9 by rechargable molecular

sieves and during re=entry by lithium hydroxide° Two molecular

sieves are used so that one can be in use while the other is being

recharged° In case of failure of one unit_ CO 2 concentration will

be allowed to increase during the recharging cycle° The weight of

the molecular sieves is based on vendors g estimates°
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Water is removed from the cabin's atmosphere by absorbent

sponges and with the urine water is reclaimed for crew's drink-

ing water° Two recovery units are carried in the Mission Module

for reliability° The weight of these units is based on vendors'

preliminary data°

Cooling of crew and equipment is obtained by 130 _qo fro of

space radiator located on the Mission Module° During l_unch,

re-entry and other periods of radiator inoperatives, cooling is

obtained by evaporative cooling in a water boiler. Cooling during

prelaunoh is obtained from a ground Based system utilizing irson°

The weight of the space radiators is based on 00040 roll bond

aluminum tube sheet_ The weight of the radiators is I psf which

includes fluid in tubes and attaohmento

Post landing cooling is by circulating fans for 24 hourso

Power is from the recovery battery included in auxiliary power

system° Although post landing cooling of 72 hours has been talked

about, no weight has been allotted for this purpose°



12" -_,_,_Sphere 3

8" Do Sphere 8

17" Do Sphere

Oxygen 19

Nitrogen System

12" Do Sphere 3

12" Do Sphere I)

15" Do Sphere

Nitrogen 52

Oxygen & Nitrogen Plumbing !0

initial Charge of Air 23

Filter Assembly Li H 27

_olecular Sieve

Cooling System Components

Heat Exchan _.er 15

Water Separator 3

F_ns 6

Controls 4

Duct s 12

Space Radiator Lines & Fluid 20

%.;ater Recovory Unit

Re-entry and Survival System

Water 52

Water Stowage & Explusion 16

Snorkel 14

Lines, Fittings, Etco 20

Supports I0

_--! inte_L____ L,_2C inte_

973

@

®

3

8

42

128

}

13

25

83

3o

54

27

61

H

!

@

3o

6

II

9

25

II0

15o

52

16

14

40

33



fL._ " " " y;e,'±_t_!ly by the guidance

_-roup an_..-_ -:_rt._.a_!.V'" _z the x,._eights sect:icno The items attitude

through po._i%ion mo_aouter listed below were estimated by the guidanee

group° This includes the structural pa.nel and eontrols located on the

panel._ Therefore_ the panels and conso!cs listed under funishings were

decreased_ and the weight for controls of the various systems were

deleted or decreased° The _eight of " -___.n_u_nents _d.!l be higher than what

_ould be expeoted_ When more details arc kno,_n the %_eigh% of these

p_nels can be separated into their respective categories<,

The balance of the instxnlments was _.:_s_,_m_t_d by usi_ known or

similar inst.vuments_ The weight of thes,_ [Ltems are only for the display

portion of the paneis_,

D
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Instruments

Attitude (2)

Thrust

Time

Ranging System

Guidance Evaluation (2)

Position Indicator (2)

Velocity Correction (2)

Subsystem Status (2)

Data Retrieval

Vehicle Measurement

Reaction Panel (2)

Radio Guidance & Dmta

(2)

Position Computer

Periscope

Auxiliary Power

Elec_rioal System

Hot Gas System

Environmental Control

Module Separation

Recovery

Launch Escape

Suit Pressure (3)

Alarm (4)

Solar Flare Warning (2)

Recording Equipment

Installation, Wiring

W_i L_,_C -_. W-1 .,!nte_o. _. L.-,2CInte_

260 260 260

16 16 16

5 5 5

3 3 3

5 5 5

28 28 28

16 16 16

16 16 16

16 16 16

5 5 5

I0 I0 I0

I0 I0 i0

I0 I0 I0

260

16

5

3

5

28

16

16

16

5

I0

I0

I0

2 2 2

60 60 60

1 I 1

2 2 2

1 1 I

15 15 15

2 2 2

2 2 2

2 2 2

5 5 5

2 2 2

2 2 2

2 2 2

22 22 22

2

60

I

2

I

15

2

2

2

5

2

2

2

22
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Iio INSTRUMENTATION

The instrumentation system consists of components to collect and

record data and_ if required_ to condition these signals for trans-

mission° The transmitters are listed under communication and trackinEo

The number of end instruments h_s been assumed to be 50 with 30 of "'_-_,_

located in the Command Module in the modular designso

Instrumentation

Tape Recorder

Instrumentation Package

Temp Measuring System

Camera 35 mm_

PCM System

Data Link System

SiEnal Conditioning PackaEe

Power Supply

End Instruments

WirlnE_ Support

W-I

98

9

6

3

3

20

20

1

6

30

L-2C

r..i
i

3

|

W-I

Inte-

grated

L-2C
Inte-

grated

@
4_

_0
o

4_

122

18

6

3

3

2O

2O

1

I0

36

!



3.2c_ COI_U_iCATION A_D TR_ICKING

For the modular designs9 the co_unication_ tracking and tele-

....... _ _q_pment for the Command Module is comprised of the following

units _ith their desis_ated uses:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

VHF transmitter (2)° Used for range T/M and

communication_

VHF receiver (2)o Used for range T/M and

communication_

UHF transmitter° Used for rescue communication.

UHF receiver° Used for r,scue communication°

HF transmitter. Used as a rescue beacon°

SHF transmitter° U_ed fo_ communi_ation during

re-entry,

C-Band tracking beacon. Used for tracking during

boost_ pre and post re-entry_

iiii_em_i and 2 have two units each for reliability.

_ro included in this group.

Other t_acking aids
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13 o GUIDANCE

D

All of the guidance components are located in the Command Module°

The weights of the various components were estimated from known systems

under development or from similar equipment°

Primary guidance is obtained by an astro-inertial platform

combined with an optical tracker° A miniature platform with an auto-

manual tracker is used as a backup° Each system has its own digital

computero A radio altimeter is used for altitude determination during

orbital phases and at re-entryo The weight of the alti=eter was taken

from DS-Io

Radio guidance is obtained by utilizing the VKF Transponder included

under communication and trackinEo

D

Guidance

Astro-Inertial Platform

with Tracker & Electronics

Miniature Platform

Miniature Platform Electronics

Digital Computer (2)

Automanual Tracker

Automanual Tracker Electronlce

Radio Altimeter

Diglt_l Data Decoder

Voice System Detector

Receiver System

Installation

W-I L-2C W-I L-2C

Integrated Integrated

13

12

40

I0

i0

40

1

1

3

35

9

tD

I-,t

!

cO



r - l  

.= 

3 
v? 



15o FURNISHING AND EQUIPMENT

The furnishinEs and equipment carried in the Command Module

for the modular versions is that which is required for crew functions°

Ome_day supply of food and water is stowed in the Command Module

with the balance of food stowed in the Mission Module.

W-I L-2C W -i

Integrated

Furnishing and Equipment 239 413

Seat and Restraints (3) 75 75
O

Panels and Consoles 40 40

Bunk _ 30 ®_o

Survival Kit 60 _ 6O _

Food 4 _ 58

Water 30 i 30
Containers 3 _ 8

Waste Disposal 2 22 i

Spare Parts and Tools 25 25

Flooring 40

Support 25

L-2C

Integrated

16o CRE_

The crew weight is based upon a 75 percentile man of 176o6 ib_

plus 33_4 ibo for personal gear and space suit°

3 at 210 Ibo each 650 lbo
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D
Co MISSION MODULE

i_, Structure

The Mission Module structure is identical for all modular design_

except for the fairing between the Command and Mission Moduleso The

weight actually includes all struature aft of the Command Module_

including the Mission Module pressurized oapsuleo

The Mission Module structure for the inte_Tated versions s_e

similar in design except they do not contain the Mission Module pressur-

ized capsule and consequently are shorter in len_ho

The outer shell of the 154" dia_ cyllndral shape consists of °040

aluminum skin with 12 stringers of 0°36 G" orosssectlon, 12 into stringers

of Oo14Q" and 0°40 GA frames at )0" spacing. An _040 titanium bulkhead

at the aft end acts as a flame shield and side support for the main e_ineo

The pressurizedcrew capsule is a cylinder with two dome ends°

The skin is °040 gs4e, there are _040 frames at 18" spacing along the

cylinder portion and 12 stringer of 0o05a"o There is a window in one

dome and a door in the other dome° The capsule is covered with _" LIRDE

super I insulation_

A weight penalty of 98 lb. is included in all Mission Modules°

This weicht increase is due to extending the length of the Mission

Module skirt to take care of the propellant tanks sized for lunar

takeoff°
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Mission Module Structure Breakdown

Outer shell

Skin

Stringers

Frames

Flame shield

Conical Tank Support

Mis¢.

For Incro Length

Pressur_ Module

Skin

Stringers

Frames

Window (1)

Door (1)

Flooring

Mist o

Insulation

Total - Common Parts

W-I L-2C

C765)

250

lO2

7o

15a

69

24

98

(329)

171

5

14

15

30

37

24

335

(lO94)

W-I Intego L-2C Intego

(671) (598)

190 151

102 72

69 80

152 152

60 45

98 98

(--) (--)

Attach, to Command Module

Skin

Frames

Tunnel

Mis¢o

(167)

98

32

3?

(no)

59

30

II

i0

Total Mission Module (1261) (1204) (671) (598)



2o Reaction Control8

A hypergolic propellant mixture of N204 and 1/2 UDNH/_N2H 4 _s

contained in the Hission Nodule to control the altitude of the space-

craft during free night and moon orbit, e.nd to supply power for

_idance corrections. The altitude control nozzles consist of two

systems with each system having two 3_ lb. pitch and four 15 lb. yaw

and roll nozzles. The vernier nol_.es are two 300 lb. t_rust units°

They are canted 20 de_ee8 80 as to minimise pitching due to one engine

failing to start.

The propellants are 8to_.ed in two 6°5 cu. ft. spheres. The tanks

are pressurized to 300 p8_ by a 4500 psi helium source. The present

size of the tanks are _ot sufficient for the required propellal:to It

will be necessary to enlarge the tanks to approximately 7 CUo St. each°

Nozzle8 were estimated from study made by Rocketdyneo

Propellan_ required for altitude control is based on the nuuber of

t_aes the spacecraft will be reorientated for solar cell alignme_at, star

tracking _nd guidance correction. The total number of turns was calculated

to be 2Olo For the assumed turning rate of 10 de_sec., this required

241 lb. of propellant° Including propellant for li_t cycle and correc-

tive impulse, the total amounts to 279 lb. This was Krbitrarily decreased

by 35 lb,. when a radiation shield was added°

Th_ vernier fuel was calculated for velocity increments require_

for gu_.dance corrections.

For all the missions, propellant weight equivalent to three percent

of maxi'_um volume was consi_ered trapped in the tanks and lines°



Reaction Control

Nozzles

8 Roll & Yaw

A Pitch

2 Vernier

15# T_

30# To

300# To

Tanks - 2 at 6°5 CUo fto

Pressurization

Plumbing and Controls

Propellant

TTapped

Ul!aEe

Altitude Control

Vernier - CircumLlunar

W-I

10%4

iO

6

)o

76

43

25

27

?

244

576

L--2C

,-4
I

18
_S

i

W-i

Integrated

|

m

|

TM 22®39

L-2C

Integrated

B

@
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3o A_l£ary power_ S_stem

Electrical power is primarily derived f_om 288 Sqo fto of solar

cells° These cells are arranged in 12 panels folded into the surface

of the Mission Module during launch and_ once in spaoe_ are erected

by rotating them 90 degrees about their aft end° During launch the

panels are held down by their hinges on the aft end and a circumfer-

ential band located 30 % from the free end° The band is segmented

into three sections of 120 ° each and are connected together by ex-

plosive bolts° The solar cell arrays were calculated from stress

requirements for the skins and core. The skins vary from 0°008 to

0oO16 aluminum and the core is 3/8 x 0oO01 and 3/8 x OOO02 aluminum

honeycomb° The structure including hinges_ springs_ and tiedown strap

weighs 0°969 poS_fo The _ells including bond and wiring weighs 0o51

po_ofo

In the Modular concept_ the Mission Module contains a booster

battery and power distribution for the equipment located in th_

module° For the lu_,sr orbit mission_ an additional hydrogen tank is

installed in the Mission Moduleo

In the integrated version all of the components with the exception

of the solar cells are moved to the Command Module°
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Au_iliary Power System

Battery

Voltage Booster

Voltage Regulator

Relays

Distribution Panel

Wiring

Installation

Solar Cell Array

Solar Cell Tie Down

Additional Auxiliary Power Fuel

Required for Lunar Orbit

H2 Tank and Plumbing

H 2 Unusable

Usable

2o89' Diao

W-i L-2C N-I

Integrated

514 426

18

5

6

6

15

!3o

8 ®

411 • 411

127

77

18

32

L-2C

Integrated

H

|
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4 _,-nvironme nt al Controls

The environmental control system has been briefly described under

Command Module weight derivation° Due to space limitations the large

components are !o_ated in the Mission Moduls_ The integrated version

of Command Module contains all components of this system with the ex-

ception of the space radiators° It was assumed that the same components

would be required for the integrated versions as for the modular ones°

Some weight would be saved in the integrated version since duplication

would not be required to the extent that it is in the modular concepto

W -i L-2C W-I L-2C

Integrated Integrated

Environmental Control 798

Orygen System

17" Do Sphere 42

Oxygen 109

Nitrogen System

15" Do Sphere 25

Nitrogen 51

Oxygen & Nitrogen Plumbing 20

Molecular Sieve 61

Cooling System Components

Heat Exchanger 15

Water Separators 3

Fans 5

Controls 5

Ducts 13

Water Recovery Unit 150

Space Radiators 135

Space Radiators Lines & Fluid 90

Lines_ Fittings, et_ 20

Supports 23

Ynit_,al Charge of Air 31

r-I
I

ID
al

@

135

i}5

e

O

Pl
I

m
III

@
II
m
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5 o Inatrument ation

The only instrumentation components located in the F_eion Module

ar_ a tape recorder, ei_ conditioning paaka_ and twentl end

ins trumen ts.

W-1 L-2C W-1 L°2C

InteErated Integrated

Ins trumentation 24

Signal Conditioning Package 5

End Instruments 4

Tape Recorder 9

Wiring, Suppor% 6

,4
!

|

0 0
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60 Co=munioation aadTvack_nR

In the modular designs, communications, tracking and telemetering

equipment for launch and deep space probes_are contained in the Mission

Module° In the inteE_ated version all of these, with the exception of

the antenna, have been meted to the Command Modulso The equipmnt re-

quired for launch and deep space probes are listed below with their

Gssociated functions.

C1)

C2)

C3)

(#)

B-Band transnLttter (2).
communi_ationo

Used for DSIF telemetering and

S-Band receiver (2). Used for DSIF telemetering and
communication°

VHF transponder° Minitrack response and comunication°

C-Band transmitter° Used for trackin8 durins boost°

X-Band Bea©ono Used for trackin_ during boosto

Communication and Tracking

S-Band T_ansmitter (2)

S-Band Receiver (2)

S-Band Monopole Antenna (4)

S-Band Parabolic Antenna (2)

V_FTransponder

O-_and Transmitter

X-Band TTansmitter

C/X Band Antenna (4)

Wiring_ Support

W-I L-2C

55°0

6,0

Io0

4°0

16o0

I°0

4°0

5°0

8°0

iOoO

30°0

400
.4
o 16,0

|
8°0

200

L-2C

IntegTated

o

o

_4
!

Q

i



X_o_t of the scientific equipment for the modular versions is

l_ted in the .,Mission Module° In the i_tegrated versions it was

all considered to be located in the Command Module, but the various

sensors will probably have to remain in the propulsion module. Th_s

lates_ estimate exceeds the weight allowanoe for solentlflo equ_._ment

by 100 lb.
1 :

W-I L-2C W-I

Integratea

S_ieutlfic Equipment i05

Camera IO0

Radiation Detector (4) 12

Micrometeorlte Detector (5) 15

Solar Flare Sensor (2) 8

Exper._.ment Storage 30

Wiring _ M_,s_-_, 40

Le_s

Differance allo_ance to -i00

esto

0

L-2C

Integrated

O

O _
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8o _U___and EqU:Lpmeut

Food for three men for thirteen days is stored in the Mission

Module, It is assumed to be the multi-metal tube (MMT) diet of

1o38 lbo per/man per/day,

W-1 L-2C W-1

IntegTated

_rnishing and Equipment 174

Food 54

Containers 5

Waste Disposal 20

Bunk 30

Flooring i

26°6 sqofto X io_ #/sq°fto 40

Equipment Supports 25

0

L-2C

InteErated

0
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Do PROPULSION

The main propulsion system is used for major guidance corrections_

injection and ejection from a lunar orbit, turn around and lunar take-

off° The tanks have been sized for the lunar takeoff which is the mission

that requires the largest velocity increment°

The tankage as shown on the inboard drawings is made up of a

395 ouo fro toroidal hydrogen tank and a 120 ouo fro eonioal oxygen

tank° For the present weight estimate, it will be necessary to increase

the capacity of the tanks by five percent. The hydro_cen tank was

estimated assuming an average thickness of 00072 aluminum and one in_

of Linde Super I insulation at @o7 Ibo/ou. ft_ Later analysis indicates

the insulation should be 0.5 ino of Linde Super I and 003 ino of styro-

foam° The oxygen tank was estimated using gauges as supplied by stress°

The oxygen tank is covered by 0.5 of insulation°

The main propulsion unit is the P_ and Wo XLR 119 with an extra

inducer so that the engine will function with a NPSH of zero at the tanks°

The assumed Isp of @30 was used for propellant oalculationso The main

engine is gimbaled two degrees° A weight allowance of 40 Ibo is carried

for this purpose° This allowance is based on first stage Vanguard gimbaling

controls which are similar to Apollo_s requirements°

The estimated I00 Ibo of plumbing is based on the plumbing system

of Saturn C-2 SV stage°

The unusable propellant is based on engine manufacturer specifications

and previous design experience° The amount of unusable propellant varied

for different missions and was estimated using the following assumpt$onso
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Type of Loss

_rapped in tank and
retained vapor

Trapped in _nfflne

Trapped in Lines

Startup / Enffine Start

Precooling

Startup

Deoa_

Boiloff

Circumlunar

Lunar Orbit

Luna_ Takeoff

Outage

Amount of Loss

H2 02

2_Tank Capacity Oo_Tank Capaoity

1 ibo 5 Ibo

2 Ibo 30 ib°

5 ibo i0 Ibo

7 lb. 35 ibo

1 lb. 5 ib°

3o_TankCapacity

7_ Tank Capacity

305% Tank Capacity

°5% Usable Amount

O.5%TankCapacity

l%TankCapacity

005% Tank Capacity

For the W-1 design this amounts to the £ollowing unusable propellant

for the three missions:

Circumlunar

Trapped in tank and retained vapor, 70

Trapped in engine 6

Trapped in lines 32

Startup 63

Boiloff 104

OutaE e 3

Lunar Orbit Lunar Takeoff

70 70

6 6

32 32

189 126

208 104

6 i0

Total unusable 278 5ll _8
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W-1

Propulsion (1348)

Engine 3_50

Hydro_n Tank

Skin, frame, etc.
367 s_ ftx 1.04 lb/sq ft 382

Insulation

367 sq ftx .39 Ib/sq ft 143

Baffle 5

Oxygen tank

Dome 922o x ,051 x 0oi 49

Cone 9504 x .080 X 0.1 78

Angle i0

Tank fttg 10

Baffle 15

Miso, Stiffeners 15

Insulation 26

130 s_ ftx .2 lb/sq ft

Gimbaling Control 40

Tank and Engine _uppor_ 145

Plumbing 100

L-2C

!

m
a

i

W-i

IntesTated

,-4
!

|

L-2C

Integrated

,-4
i

0

|
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W-1

Summary of Propellants

Command Module

Flap Control N2H 4

Au_liary Power

H2 Unusable

Usable

02 Unusable

Usable
Reaction Control

N20#

/ N2H#

C_-cu_una_

42

(85)
18

]z
lZ

2#
(80)
.5.3

27

Luna_Orbit

42

(lo9)
18

_z
13.

k8
(80)
53

2?

Lunex Takeoff

#2

(lo9)
18

32
ll

#8
(80)

.53

27

Mission Module

Auxiliary Power

H2 Unusable

Usable

Reaction Control & Vernier

Trapped

Ullage

N204

Attitude Control

N204

/ N2H#
Verniers

NaO 4

UDMH / N2H4

Main Propulsion

H2 Unusable

Usable

02 Unusable

Usable

(854)

27

.5

2

163

81

192

(298#)
ll.5

163

225.5

(50)
18

32

(_23)

27

13

7

163

81

.55.5

277

(6588)
205

iOl3
306

5064

(50)
18

32

(388)

27

5

2

82

4o

15.5

??

(io672)
135

1721
213

8603



Design Criteria



Preliminary

Design $peoification_

for Apollo Spacecrfaft

Technical Eemorandtun 23

Ro R. Drummond

13 March 1961



i_12

i_13

I_2

I_2___

l,,2j

!,.3

I_.31

I_32

7-_33

2_0

2oi

2o2

2°3

2_4

2o'hl

2_h3

2°4h

2,.,L4

2 _5

2..¢,_

Ge_:_ez-_alSpacecz:aft Re_a:'._ments

!,&s_lon Objectives

]i]asicObJ ec'_ivcs

Duration of Flight

I._ssion Abort C_ability

On Launch Pad or During Doest

Outgoing L_ of Lunar Trajectory

Lmuar Orbit

Return Leg of Lunar 'irajector_

_e_ntry

Launah Boosters

Ear_h Orbit Flights

Lm_ Trajectories

Booster Fay_oad Design Li_,_tatlo_s

Ge_.cr_ Des_r. Concepi_.

Design Objectives

Internal Envi_-onma_t

_.bd_le Concept

Configuration Description

T_ee Vie_ General Arrangememt

Cammaud I:_dule

_ssion Module.

Emcape Rocket _-_cdulc

Re_hry _-_dule

Lauding System_

_e.st L_uding S_.&vak

Pz%._riby Definitions

First _%._i_;_ri'_,yFunctior,_

_x 2_-2



. ,a

2,52

2_,53

2._6

2_O1

2062

2o_

2°64

2_66

2_7

2o_

2o72

2°73

2_74

2_76

2°77

2o78

2 °79

[JcconC .:.h,ioz-ibj _ _no<.,_.:,:::<'.

T_rcid Priority F_nctio_zs

F_ _ht Sequences

I-lo_lai Tre_ ectory

Escape Bel_ 300_000 Feet

Abort Above 300,000 Feet

Cir cu_.Lunar Flight

Lunar Orbit _Light

Re_entry _nd Landing

Design _Jeights

Launch W_ight

Launch Escape l;elght Prior to !njecticn

_&ssion Abort or Turn _&round _'_ight

Lunar Injection _leight

L_mar Ejection llelgh_

_e_entry UQight

L_uding '.l_ght_ Droque and 't'.Iain Chute _pl_jm_nt

l_nd_ _¢eight_ Earth ,Impact

Flq_tation _eight_ Wate_ Landing

3,:0
5oi

$ _,ii
3o12

3°2

3o21

3_22 "

3o23

3_3

3_,3!



3o33

3 °42

3_,43

3_5

3o51

3_52

3053

3°54

3055

3_,56

3°6

3_61

3_62

3_,63

307

3c_71

3 _72

3_73

3,_8

3 _81

3_82

Bo83

so84

_o85

Maximum Booster Sheal - and Benal_

G_t and Wind _"_onear C_tcrla

_p_ Canaveral Data_ Grouud and Boost Phase

Gusts and _4ud _

Global Gust _ata For Approach and Landing

Sea State Data_ Uater Lamding

Ti_jectory Data

Earth Launched Lunar _ssien

Earth Orbit Ni_sion

Escape_Abort and Turn Around TraJec_x_ies

Re=_ntry CQ_riders

Lunar Recon_iss_uee _aJeotcries

General Aerodynamic Parameters

Vehicle Heating

Ascent Heat Pulse

Re_entry Heat Pulse

Solar Heating Including Earth _d Moon Shine

L_ndi_ Approach and Impact

Chute Deployment _d _.hneuvering

Impact Criteria Land

l_pact Criteria Uater

_atati_n

Envirom_mtal Design Oritarla

l_nizing P_diation

_etsoroid Criteria

Solar Spectrm_

Fress_e Envlronm_nt

_i ghtlessness



3,-93

4_0

I,,,i

4_,2

_:_3

4_D

46

Design Factors

Ultimate Factors Struct_rsi !_ads

V_lic].e Heating Desi_r_ Factors

_sign Allowable Criteria _,Structural _terlsls

D_gn Factors _ Syste_ Capacities

_sign_ Factors _ Propulsion Velocities

Re]&a_ility L_ign Factors

5,,i

5,.,I].

5_12

5o21

502_

5'<,_5

5. i__

"_ V"

F_t_il Design of Spacecraft Structure

V_cle Ueight Statement

Ued_t Bre_.kdo_ms

Center of Gravity l_aat_on

_,_ss _-_m_nts of Inertia

Aero d_unamic Characteristics

Bo_st Fuase Data

R_ntry Phase Data

F_cape-._Abort f_ase Data

Airloads Cr__%erla

S_bility ar_ Cont_l Data

S_uct_al Arrl_ng_t

S+_t_r_l Denizen Condl.tiona
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5_,8

f!_,:_c'_peP_ck_t Support Struct-_re

P_achute snd Lau_ng inl_act Structmre

interstage Structure and Separation Details

6_O

6o!

6o_

6o_

6_

6o_

6o_

6o17

6o2

603

6oh

6,_5

606

6_7

Detail Design of Systems

Life Support System_

Cabin _ Suoply and Regeneration System

Space Suits

Drlnking LTater Recycling

Food Storage and Frep,-_vation

hTaste _.sposal

Cabin Conditioning sn_l Control

Crew Seating

Escape_Abort S_mt_m

Guidance and Control 3yster_

Propulsion System

A_xi!iSry _er Syste_

Coz_mmications and T_l.emetry Syst_us

Flight L_st_az_n_u___

7.0

7,...2

7,,._

7o4

7,,5

Command I._dulo F_nc-bi(_

_ilot Cor_ol !_nctio_

Pilot Control !_.sp__

Re_.entry

L_zg A_proach and "_pact

Crsw Survi_ml

_ss!en Module F_,._ct,i._,_._

Space Stu__es
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dc_ei-e.L Zp_:oe<,_r.;,_ftReq'.._iz'ements':

_:.'k[,._sis n Objechives_

The basic mission objectives are to prove the feasibility

of practical manned space flight by successfully devo!op-

ing a spacecraft with the following ¢apabilitieso

To navigate eart.h-lunar space with a crew of ) men_,

To perform safely a planned space mission from

earth iaunching_

To return and re-enter the atmosphere safely up to

maximum velocity_

T_ execute a safe landing in the ,_rea of a pre_

d_ermin_d site on either land o:_ water°

_o pzo_ide for a period of cre_ survival after

landing of not les_ than _2 hours°

Basic mission flight pl_ns are evolved from the foilowing_

Lunar _econnai_sance flights

Cislunar or circumlunar flight

Lunar orbit

Lunar Landing (Projected future_ but not a pre-

sent requirement)

Earth orbit f!ight_

Creu_ training in orbit

Scientific experiment

Orbit rendezvous (Froj_cted fu_ure_ but not a

present requiremeat)

Duration of Flight

The spacecraft sh_il be capable of a maximum duration

of missies of 14 4a'/s.,

!n _vent of a_ _mergsncy such as a solar fla_e

i=medlately foT.lo':_i_-g injection into lunar trajectory,

the _=aximur_ duration of _pace fl.ight under radiation

_.'.xpe_ure shall be 5 days_: a_uming full utilizatlo_

of *,_aeabo_'t capability incorpo_'ated into the spacecraft:_
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i_133

lo21

1o22

lo23

1o24

i_25

1o5

lo31

1o32

1o33

2 o0

2ol

Nominal circumlunar mission flight time shall

be 170 _ I0 hours°

Mission Abort Capability

In event of malfunction of systems, equipment, or instru-

ments , or for any other emergency requiringan abort of

the mission, or escape by the crew, the following oapa-

bilities are incorporated into the spacecraft.

On Launch Pad or During Boosted Plights Crew

escape prior to or during boosted flight by

escape and/or separation rockets.

Outgoing Leg of Lunar Trajectory: Retro-capability

to arrest flight duration an_ distance after

injection in the outgoing leg of a lunar trajectory°

Lunar Orbit: No abort capability except normal

ejection from lunar orbit on the next circuit
around the moon.

Return Leg of Lunar Trajectory: No abort capability

except midcourse guidance corrections on a return

leg from a lunar trajectory°

Re-entry: Re-entry abort capability by means of a

skip out maneuver in case of positioning or re-entry

angle errors° This allows a second chance at re-entry

positioning°

Launch Boosters_

Earth Orbit Flights: Saturn C-i Booster

Lunar Trajectories,

Saturn C-2

Booster Payload Design Limitationss

Saturn C-I (Earth orbit)

Saturn C-2 (Escape)

General Design Concepts

Design 0b_ectives:
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2o11

2o12

2°2

2o21

2022

2 °23

2°3

2o31

2o31

2°33

The spacecraft and subsystems shall be designed
for the basic lunar orbit mission with consideration

for future growth to the &unar landin_ mission°
Propellant tank volume and module sise for lunar take-

off shall be intially inoorporatedo

For earth orbit training flights and the circum-

lunar or lunar orbit missions, the basic spacecraft
shall be in an offloaded condition oonslstant with

booster payload limitation_o

Internal Environments

A shirt sleeve environment shall be provided for

the crew in space flight.

Space suits are also provided for the crew for

use during launch, re-entry, or during emergencies°

A cabin altitude of about one mile (12.2 psi) shall

be maintained as the minimum air pressure required

to maintain maximum sustained working efficiency
for the crew°

Module Concept

The spacecraft shall incorporate specific modules

that may be expended or disposed of as the mission

progresses, similar to staging of booster rooketso

The subdivision into modules shall be done in the

most expedient m_n_uer oonsistant with maximum

efficiency for performing the overall mission

objectives°

Currently_ the module breakdowns being considered
are as followsz

Escape

Propulsion
Lunar Orbit Mission

Command Center (also Re-entry Module)

Lunar Landing (Future growth)
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Fir_t pz-iorities are assig_ed to those functions necessary for

,_l_-__r,.,.._.,....g the mission primary objectives_ Any equipment, systems, or

instrumentation whose malfunction would jeopardize attainment of these

.bj-_ztives would fall in this category. If malfunction or failure

occurred prior to launch, this would be cause to hold or scrub the

._!_.Zn_._ until _. f:_x is made°. If malfunction occurs in flight_ and

a quick f_.-_-cannot be made, this would be cause to abort the mission°

F!:='.y_:p:cioz'ity it_ms will be designed for the highest probability

v_'._.ue_ of' _uccessfu! operation.

;_.acond priorities are assigned to these functions where redun_

.........._ _ ,.e_c non-vital parametePs are mea,_ured or cont:colled_

::_:._c}_a.¢ H_._,surc<mcz_t of ove_'ail performa_>.ce of the spacecraft or com-

_ '_ _ " _'y'-.t_ms_ or iPstx_u_ente-.tion whose mal-

:_,:._,:;-_u_culd _.:.,:)_ .... only supe;:'ficia!iy_ the attain_.ont of the

z" .:[:; :c:Z;:_s.=._cn ob iectiv_B _;iil be assigne6 socond priorit2-o if one of

................................ ._........ r_ prior to final fueling of the booster_ it

_:".:},:_?.:L-_;{:::_;_.:i.tute c.auae to hold or _c.rub bhe flight, If the malfunction

s;,all be the dis_........._n_._ fueli_._C_ of the boo,tot, a hold .... ,_

_:;__!;:_.c_of the _-.o_::_mdini officer of i_he ,_pacec:caft or the NASA

[_hird Driorit;y Ls _.._J._n_ to functions aa_ociatcd _:,ith gathering

c?_<t:::fop cu_r_ ..llgh_s o:1"for supplamentar,.y data for overall flight

cvu--_.[_-tJ.on_ _"l<-:aa_:tz'ementsother than the minimum required for a success-

_.m."_..._:,:i._sion would fall__ in this category,,.,, Malfunctions of eGuipment_..

_:_:..:._:.,:_us.,o:-."_.ns_:u__e_::ts in this case would only affect extra data

:.:.-.................._,_...._._,.........._,: o'_e_ and above :;no mis¢_ion requirements_ Third

._-,..,..,_,"'.'....tymalfunction_ will no_ require a ho_d_ after coun'_down has

....x,..:, a non-i_._terference basis may be _ado at the discretion
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2°7

2o71

2o711

Design Weights

Launch Weight - Total weight of the

spacecraft at time zeroo

Maximum Allowable Weights

2°72 Launch Escape Weight Prior to Injection:

Launch weight of command module plus launch escape

rocket and support. Mission module and space

propulsion systems are not included°
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!_:l_ximum allo_;_ble _eight

Mission _%bort or Turn A_.'ound Weight _ Total weight of

spacc_.craft less launch escape rocket and support_

Maximum allowable _eight

L_uar _,n_ct_on Weight: Total weight of spacecraft le_

the following:

Launch escape rocket and support

Vernier engine propellant for _- 225 ft/sec_ ..

Food_ water, environmental control items_ or other

expendables that may be expelled from the spacecraft

iD the first 72 hours following time zero°

Maximum allowable weight =

Lunar Ejection Weight: Lunar injectioD weight less:

Space propulsion p_opellant for _V = 2750 f_/sS¢o

Verniez propellaut for = lO0 ft/seCo

_xlmum allowable _eight

.e-entry %[_eight: (At b_ginzing of re-entry for both

abort and normal re-entry)

.Launch weight of command module alone

Maximum allowable meight =

Landing Weight_ Drogue and I.h%in Chute Deplo>-ment_

E_cape uond_t_on: _unch weight of command module

Maxim,,_t_..allowable weight =

_ox-mal Re-entry: Launch _eizht of command module

le_s _e_ht of exp._nded ablation material and coolento

_._a_imum allowable ,_eight

Laading Weight_ _arth I_pact

_6_ape Conditio_ Launch _eight of command module

lees drogue add main chat@ weight_

_._ximum allo'.xabl_ weight



Non, real I_nticy_ L':_ur;-zh _i_ht of command m,Jduleo

Drogu_ and main cht_,to weights_expended ablation

materi_l_and coolent weight,,

Maximum allo_able _eight

Fl_t_tloa Woight, Water Landing

Land£ng weight-earth impact_ less detachable

portion_ of residual heat shield_

Ma_.imum allowable weight
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) 3oi 3e_iee Life and Malfunotion Criteria

The design of the spaceoraft shall be based on a

philosophy of maximum reliabillty to oomplete the mission

or to return safely in event of a malfunotlon° This is

aone first by setting up reallstie design se_ioe llfe

goals for oomponents and systems and then by providi_

redundanoy suffioient to isolate and oonstr&In single

failures to prevent growth into catastropio f&ilureo

I
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-r'e b_._ic :structure shall be operated for the following number of

Expendah'te structure

Recoverable _ , _'S u_UC __l._e

I mission

5 missions

The ._tructural desi_.'<n life span shall be determined as follows°

Des _,_._ Life - _ K K
....:_" _T L

_4 : number of missions

_, = factor for equivalent accumulated test time = io25

"_L = Factor for life prediction = i°5

Expendable = ! X i_2 =. X 1.5 = 1<,88 missions

De<_ig_ Life =

_e_Oo_:r....,_l_ = 5 X I_5 X I_5 = 9°37 missions

i:'.:,,:'%:to_a'l Sjst_ms_

f._ o_.'[_e._,%0 establish the. desizn life go.'_.!s for functional systems

%>'.,3fol].lovciDg essumptJons are made:

_ _ Fao_or for" accumulated equmva±ent test time

_r,_T = i,_5 for continuous operating systems

I<T = 2°0 for intermitt3nt operating systems_

"K L* = _...._.,'"_.o.._for life orediction.. = i._5

C_ = ]_atio of "on" time to total mission time

% -- Tohal time fcr maximum mission_ (hrSo)

......o_ of design missions

Design life = nC_tK_KL,,_ _ (.krs)

_iT represents approxi_ate expended environmental life prior to launcho

_ :.?olerance on ability to predict x"-_u,_u'---_. _-';_ of ._=composite structure

-2pO>'obased on aii'craft criteria.is a pp_'oximat ely - _'_



TM 23o-17

D
5_I13

_"_"c_"-i'_ LI?_ :_:_'_"_ FOE _d['_,.TIOl,_.____ ' "_'l SYSTEMS

Coa[_onent

.%',i Z t 9 &"._. n Cm _& _
1 K L

De sl gn
Life

(hrs)

Expendable 1 ! 336 1_5 le5 760

Recoverable 5 l 336 1.5 1,5 3800

; "1 4' b ._:"]" ° ' •

Ope_ating

£xpe_dabie ]. Varies 336 2_0

with each

system

!-lecovetable 5 Varies 336 2_O

with each

s21stem

1.5

Io5

1000 CT

5000 CT

; % _,_r-_= _ _-_,"_
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Malfunction Cri%eria for Design

Wherever practical and feasible9 the

design philo.ophy for the spacecraft shall
be as followss

Single malfunctions shall be considered

in determining critical design conditions_

The spa0ecraftdhall be designed such
that sequential type failures are prevented
to as great a degree as possi_leo This shall
be approached by providing sufficient re-

dundancy in systems and structure _o isolate
and confine failures°

)

)



Th_ _o_..t,)_,zn_c)i_i£ ]_oad factors shall be

uti).iJzed for design, of the spaoecraft_

LO_-D FACTOR ITEM

Boost Phase:

Axial o-Saturn C_l, first stage burnout

Axial _- Saturn C-2, second stage burnout

Esoape_

pAxial - Escape Rocket from launch pad
f_
_uommand module & escape tower only)

Space Flight_ _.
Lunar injection

Wt_ = !5_000#

Lunar ejection
Wt,, _ 13,5oo#

Miesion abort

ig_pOO_f

Return leg guidance

Engine

Thrust

Reentry:
Resultant air!o_ds_ command module only

(Maxi_num undershoot angle)

Chute Deployment:

Drogue chute
Main chute

Landing: _ Co;mand module

On land _ with landir4
On water _j bags

Ground Handlir_ _nd Hoisting:

Co_._ponents

Total spacecraft

Equip:nent C _ _

MAXIMUM

LIEIT g' so

2O

1o2

Io3

Io3

1o35

lO

16

2

2_67

67
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Transportation Load Factors

The following load factors shall be applied to

the shipping container supports with the spacecraft

packaged for transport.

3,,23 Equipment Mounting Load Factors - Sonic Vibration Criteria°

Presented herein is a preliminary estimate of equipment

support load factors based on a random sonic vibration input

derived basically from Titan I flight vibration data and

adapted to the Apollo vehicle° Consideration is given to the

following noise souroeso
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TM _3_o21

S_.! Saturn booster noise field° Aerodynamic

noise at qmax upon ascent° Aerodynamic noise

at _maxUpon re-entryo Sea level escape

rocket noise field°

3o231 Spacecraft Sonic Vibration and Limit Load Factor Data

Conditi on

Lauuch

_;_x q - ascent

Sound Pressure

Level - db

ExternallInternal

145

144

145

17o

125

124

125

150
Max q - re-entr2

Sea _vel escape

Space flight

(Engiae induced

vibration)

Space f!igh_

i(Eng" me mount ea

_ _ure)
i
! _ _ ....

tTibration Level, ],g rms
JJ

Mission Command
Module Module

15 5

2o 5

- 5

- 35

5 5

45

Equipment 'Support
structure Load FScto#__
Mission

Module

4o

50

15

110

Command
Module

, ,, , , , , , ,

15

!5.

15

90

15

These load factors decrease linearly with increasing

equipment weight for weights in excess of 50 Ibso These

factors apply only to acoustically and mechanically induced

vibrations and do not include acceleration and transient shock

!oads_
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3o313

l_terlor presBurim_._.ion of _h_ inhabitsd

volume of the spacecraft _hali be maintained fS [o_/@_;

Upon entry of the crew into the spacecraft

for final countdown, the vehicle shall Be pressurized

to 12o2 psi above sea level ambient°

A constant differential pressure of 12o2 psi

shall be maintained across the vehicle pressure

wall during exit fspace flight° Upon re-entry the

differential pressure system is deactivated except

for pressure relief valves°

Upon deployment of the main parachute, a vent

is activated to equalize the interior and exterior pressure

on the command module to insure pressure relief at landing

impact° For normal flight this occurs at i0,000 fro at

an atmospheric pressure of lO psi. For escape from the

launch pad this occurs at the lower altitude of deploy-

ment o



Maximum Booster Shear and Bending Moment

_'ne Saturn Booster is designed for the

following maximum shears and bending moments

at the spacecraft separation planes

Saturn C-I Vehiole

Maximum Transverse Shear = 17,700# (limit)

Maximum Bending Moment = 2o8XI06 in# (limit)

(Condition: t - 55 SeOo, q = 5o34 #/sq. ft.,

= 5o6 °, = 14°, 3 engine oontrol)

Saturn C-2 Vehiole

Data not available at present°

D

D
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Gust and Wind Shear Criteria

Since _v_ is the only launching site considered

for the spacecraft, then gust wind speed and wind

shears utilized in design shall be for the immediate

vicinity of Cape Canaveral5 Florida. However, since

aborted flight can cause a landing over a wide area

of the earth, global gust and wind criteria shall be

utilized in design for approach and landing conditions°

Other limitations are applied to wind velocity and

gusts while the spacecraft is on the launch pad.

Cape Canaveral Data, Ground and Boost Phase Gusts
and Wind Shears

For launch and boost phase of flight, 2 probability
data for the worst wind month at Cape Canaveral (Same
as Saturn Criteria) shall be utilized for design. (Refs

George C. Marshall Space Flight Center Memorandum, E.Do

Geiseler, Consolidated Wlnd Magnitude, Wind Shear, and

Wind Speed Change Criteria for Saturn Vehicle Design,

October 4, 1960). See attached copy°

Wind and Gust Velocities - On Launch Stand

The spacecraft shall be designed for a 60 ft/sec
steady wind in combination with a _ 30 ft/seo horizontal
step gust° For higher velocities, auxiliary supports
are assumed°

During final countdown, the maximum steady wind
shall be 40 ft/seo in any direction in combination
with a step gust of _ 20 ft/sec or as limited by

Saturn booster design oonditionso
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Ground launched earth orbit and lunar trajectories

are planned on the basis of avoidance, where possible_
of the Van Allen Radiation belts around the eartho

Launches will be from AMR and take maximum advantage
of the polar radiation windows upon exit and re-entryo

(b) Earth orbit trajectories for training flights are
limited to orbit altitudes below the inner Van Allen

belto

(e) Earth orbit redezvous trajectories are planned as

an item of future growth°

The following raJemtory data is used for current
spacecraft design°



5o812

5_815

!o,._zzin@ radiation shall

_- .....,_"_ed _.nd ch&_ted _o _2rovide date. on Earth-Lunar Space<.

.t!:.:_i.#_.,.?,:<L.ter!athus developed shall be submitted to NASA for

_-_ _"_:---_-_for uoe in d_sign of the spacecr_ft_

The '_ ___.e__.,..w_ng_-adie.tion oo_nponent:_ sh_ll be considered,

TI - -_"- 'e_,f_,.,:_,.e.lbedo & secondarie_

c.o_.,=rPc._?_ic._.e_

Prohon_

Electrone

Alphas

Neutrons (If detected in the future_ undetected as yet)

E_rth albedo _nd secon4ar:..e_

Luu_.r albedo _nd secouds,rie_

o.-'...rpPi_¢ speotrum

_._i"hh secondary- speot,_-mm

_,ux.ar'_secondaz_- sDeotxmm

Particles Tr_.pped in M_gnetic Field

Van Allen belt pz'otons

Van Allen belt electrons

Possible Lunar Belt p_rticles (undetected as yet)

Solar i,__r_ s.ctivity and their effects on radiation levels

The possibility of short _ge predichion of

solar flazes _hal! be ev_iu_.:.tedfrom available

li_e_a,turo_ (For the pre._ent prediction c_.pabilit_

........._._._c,.P..n_mi__sion pl_nning is also assumed to

_o-:....._,_e _._th periods of "_o',,prob_biiity of occurrence

of _:_.ajor_'I _. .;._'t):eso .Predictdo_ of m_Jor flare aotivit;I
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cv:,:.._._<_.[.,9d<::t,.-<<.n so._.aJ, fia!'e e_'ects_ The radiation

ma_.it_:des_ The probability of enoounterin C a given

f!,%re magnitude will Be deve!oped_ e,onsistent with

pzed_ etion teohniques_
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?::_>/ J£_;" ! "'LI .:]:LZ:

Lc:fi:;i'b:Lo:,_. c,f _ ,'.De_ermiuatio_

f".t......:.._,'__-:n_'_S':a':::<'_F [ i, c'f mission

i e_De_ure for

cc:_:no_!ent_ of _ _each .co_gponent

! s_ace_, inc!udir, p; 1 incl_ding
..7a<_!a,...u_:_,._, { iof radiation

_ _articu!at,_ and 7J/_, particulate

IDeveiopment <:fl Definition of

vehicle 1 vehicle wall
iequivalent I modification

wall cr_._e_'._. _ and '_" e- "C,_IV ..., SIO,I

,dist_IoU_lon_: for each radiatio_

iin various [ }component
vehicle zones_,[ ,isec°ndaries°

._J

D

_, .i)efinitic_z_ Of [

r.,,_o,_og.,_ca.,_

i z!_x and

L_ e nc:,rgy

spectrums of

e,_¢h .... '"

. ° .. !of rao.xa t.lor,o i

Determination

o£ dose froa_

flux _.nd

enez_gy

spectrum of

each componen _.
;of radiation

iper vehicle
ZO_].e_

i b_o.Log:Lca_, t

_os_ fo:: each I
' ivehicie zone
"_,b y summation )

i°f _ndividual !
icomponent dose!:

ei-_c= a large par-c .,-,C"the, data _ ............. :. _ " .......... le ...... s ..... y for such F_n analysis

?;.o_s no_ ex_.s_; in the _-,-__ ' p_.s_n_._ this me!;ho d, is

• C__,_ e__,:'" _"-"'_"_ " o_." goal. about which .... oomentc¢::_si(:iered mo:_"e of a _ ......x..t_.on a

C':AYi be COl%O _'*_ ; ''" +_" _ :'_._ 4 _._ . ._ " ,_-._:..,...: a .... a_ better _.l_'-,..z F_.,._,..]-,_Z- OD..'_-;p_ce e_v,,[iro_iNeD._.

;:;all effect',s_ aL,d hi(-_4_._]o___ eft'(_,ct._are d___o!aeu _ the ana!_sis

";ii]. hoot, me mr..',¢_, :cea'iistic_.

•,-.'-_ _-'.,4t_,l information that is _urr_ntzy]In the me_.n ,._._ the _, ....... '' " "

av:._.ilao.',..e"" from to3,_v'.s becn_o._o_5#,1- _ _- will be ...._0<iie;d_L- in. the mannel _.... w

'_" 'total allowable_'" :_--_;.'"to de.-...ermine total bioio_ri-:al dose _ne

_;_:_c_'_,?.;:.io_ dose for bke crew :Ls currently limited to the following

i."L ",<'_i _,:

]__: Normal mission _ REMS

Z,, Emergency c.'.,._nditien I00 RE.;"[S

)_._diation Pz'otectioz,_ :

...... ,......_--'M<_ -.. be followed to determine

r-_diation ,_:,o'..eutioz,_-_n,4_-,_u____men_-_will be as _^'.,_vl.io_:s_""•'
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.:_,"_ _A._L_._ t,._.-:.... :_'_diatS.on shielding ef_'ectiveness of the

...... _.n_ _,_t_ods sna t_chniques that can be employed to

__i_._:i_/z_ . radiation inputs_

Dotermine 2_-probabi!ity biological dose expeated for

£.iven mpace missions b_sed on the best environmental data

• • ]currently ava_lao_e_

Determine the requirements _ -o_ radiation shielding and the

resulting " "_spacecra_.t modifications tc stay within the

sp_-_.cified dosage limits°

D

D
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f

CO 2 pz-oduction

i{20. p_:_eduotion

r_ s:p xre_l 7_'re sp_red

urine

iec_

Food (_ssu_ed dry food ration

with "i'-5% _sater

(95 Perc-a__:_t-Zs my;n)

_,'Z_te_.._ (Drinkiug' & foo& ._-:_ixing

& sanits:tion)

2°367 #/=_n _az

2°8 #_m&n d_y

8°0 #/mRn day

3°45 #/z_n da_

4.2 #/mRn dry

I0_00 #/man d_y

Food for ) zan for 14 days is stored in the

s_aoeor_ft

W_ter_. i days s_._.pply :?or } men_, is carried &bor_&,

Continuous recycling of urine and _,bsorbed z_oisture from

the c_,b!.n air is _erforzed _o pz'ovide :¢_.tterof drinking

purity o



3°92 Cabin Conditions

Cabin total pressure

Partial pressure

O2

Inert gas (N2)

Water Vapor

CO 2 initial

CO 2 max°

Trace gases

Air Temperature

Re-entry wall tempo

Air velooity

Leakage

Free ion limits in cabin air

Air supply

TN 23-32

(632 mm Hg, 12o2 psia)

(equivo to 5,000 f%o air°)

X59

459 Hg

II mmHg

Equivalent to 50%relo

humidity at 68°F at
sea level

o3_mm Hg

308 mmHg

70°F + IO°F

200@F max°

ft/=in (max.)

°05 #/hr. at 12o2 psia

diffo pressure

Ion count ?

2 complete charges from 505 psi up to 12°2 psi

plus normal leakage and metabolic requirements for

14 days°

C02 Absorption reserw_:

Recycle and ejection capability in mission module°

200% reserve of chemical absorber in re-entry vehicle°

Cabin conditioning for !2 hro post landing survival

using ventilating fan t) pull in outside air° Residual

02 also available°
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3°93 (Continuea)

Substance

Free ions

.Souroe

Plastics

Metals

Irradiation of

cabin air

_M 25-34

TLV in ppm

Ion count?
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23 36

,_:'_I of both ab]._ticn and radiation heat shield

types,_ t.h<> i'ol].o'_,'in_h_a_ pulse _r_teria are established as

shown in Fi_:

qUlt _ he_t shield d.-,sign flux at any point = qH (Limit) x lo25

= BTU/ft_,2/SeCo

where: qH = nominal limit input heat flux at az4y

point on the reentry vehicle

from reentry trajectory design

conditions,,

_>istzibntion of quit at any point varies with time, angle of

attack and position on the reentry body such that the following

heat pulse values are not exceeded_

_adiation shields_ unaided b_ use of ablation coatings 9 shall be

,.iesig-ned for a heat pulse in which the maximum flux does not ex-

ceed the following:

)4
qR =U _ (Tt_ax

Where : 0-_

TMax

= Stefan-Boltzmann Constant

= Surface emissivLty

Allowable operating surface temperature of

radiant shield

The heat pulse for design of ablati,n material e_;:tends to a

minimtun flux value with time_ such that after depletion of ablation

aaterial, the heat flux to the radi_tion shield under the ablation

_ate:cial will be no greater than:

0-

Temperature :_esuiting from quit shall be combined with limit loads

or ultimate loads shall be combined with temperatures resulting from

non_-'n_ he_t flu.':, q_,. whichever is the most critical:

L"nders_ructure such _s the cabin _r_:ssur_ wall shall be limited to

a (_esign ._xlmum t_.z-peratu_e of 200¢_Fo

I._isce!!._meous Heat Fluxes

A'_cent heating flux "'_ Ultimate

Solar heat flux _:" factor = I:O0

3E=_,,t, shine moon shine flux_
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4°3 Desi_ Allo'_ab!e Criteria- Structural Materials

ho31 Metallic Materials Applications:

Three distinct thermal usage ranges shall be considered in

determining .metallic material allowables for structural desiga. The

following sketch shows a typical short time tensile strength-te_4o_rature

diagram in which these ranges have been superimposed.

_-- I ___ No Significant Permanent Thermal Effects°

Conventional Properties o!
with

| Accumulation of Btress_Temp-Time

| Exposure° Upper Temperature Limit

| for Efficient Primary Structural

// \ i_._.II_ Non-Load Critical Applications°

/ _ 1 Temperature Critical for Oxida-

/ _ tion, Creep Deformations, Etco

Temp. Diagram

(3oi in°So )

...... ±:_ X

TEMPERATURE

FIG. 4°3n TEMPE'_ATURE RANGES FOR METALLIC MATERIAL DESIGN

APPLICATIONS

The determination of desio=n al!owa:les for metallic .materials

applications in each range are outlined in the following paragraphs°
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4o321

_o322

4°333

4°33

_o331

Temperature Range I:

Within this temperature range the basic properties of metallic

materials are essentially stable, aad can be considered to v_rv

slightly :._.+_level of temperature. However_ for design applications,

no permanent thermal effects are considered, Standard material

properties data may be utilized for static design°

Tae upper limit for this range is the temperature where thermally

induced changes in material properties become significant for designo

An approximation of this upper limit may be made by taking the

temperature where the conventional 30 minute soak strength-

temperature curve initially begins to change shape rapidly as

indicated in Fig. 4.311.

Sources of material properties data are manufacturers

guaranteed properties 9 f_LilHDB_f-5_ the Martin Structural

Design Manual, or minimum properties derived from sufficient

specific tests to establish 3_'probabillty values°

Temperature Range II

Within this temperature rauge_ metallic materials are

still considered for primary structural applications° Properties

vary with temperature level a_d with the degree of prior exposure

to a stress-temperature-time eF,vironment. The definition of the

upper limit of temperature for this range is rather arbitrary.

The main point to consider is structural efficiency° This can

be influenced by either the creep rate_ the strenght/density or

modult_s/density ratios for a given material° If these exceed or

drop below required values as_established for a given application 9

then the material would no longer be considered for the application°
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The temperature at which this transition ecurrs would be

considered t_,eupper limit for the temperature range o

The difficulty in pinning down a finite value for this

temperature limit is characterized by the varied requirements

and limitations for different design applications. By in-

specting available test data on any given materialp a sort of

rationalized temperature limit can be arrived at_ that falls

somewhere on the steep slope of the strength-temperature curve_

Fig° _°311.

The problem of predicting material properties in this

temperature regime, with suitable accounting for the effects

of prior historyp has been approached in many ways° To date,

no reliable methods have been evolved that enable prediction

of material oroperties exposed to complex euviroamentso

For a gives design problem, it is necessary to establish

allowable properties for materials° The variable properties

in this temperature regime have led to gross confusion or

unenlightened approximation _ich is not compatable with

requirements for minimum weight and highly reliable structure

for the spacecraft° More definitive methods of determining

material allowables for complex stress-temperature-time interactions

are needed without the complication of duplication of the

envlron_,ent in material tests°

If certain design assumptions are acceptable for tae

detail design of specific spacecraft structure_ then t_e

method outlined on the follo_ng pages can be utilized to

yield reliable design allowables°



@

4°334

0

.

@

_O

These desi_on as_omptious are as follows:

F_nimum material properties ocurr at the maximum structural

temperature encountered with suitable prior history accounted

for.

Creep in the composite spacecraft structure will not be

significant due to use of design factors of safety, choice

of materials with high structural efficiency, and due to the

low period of time under the environmental extremes of stress

and temperature normally experienced by the spacecraft.

The structure can be considered critical for peak environmental

conditions encountered°

Compression properties are assumed the same as tensile properties

for all structural metals.

The effect of prier history of exposure on the properties

of materials can be determined in a reliable manner by an adaption

of a method of random statistical sampling as reported in WADD-

TR 60_777o The total population of variables

and variable interactions (stress-temperature time) can be

sampled with comparitively few tests_ The scatter band of

properties can be determined, as influenced by prior history of

exposure over the whole black of environmental variables°

Minimum properties derived from these scatter bands can then

be utilized as design sllowables_ with the assurance that the

environmental degradation will not exceed these minimums within

the temperature regime°
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The key to the random method is the technique for evaluating

representative environmental change in properties. This is done by

first separating the parameters into increments of stress, temperature,

and time. Then applying these in random combination on soec_mens

selected at random, such that all tests are run for identical

times. The sequence of application of basic combination step

functions, and the final static test temperatures are also chosen

at random° By means of this randomization, the material property

data thus derived should be a representative random sample spanning

the entire range of environmental effects within the regime investigated°

Table 4.3351 shows a complete random sampling schedule for amy

material within a critical time depew dent environmental range°

32 separate specimens are utilized to sample a factorial of 64

variable combinations° See Fig. _o3352. By applying these in

four separate sequences, a total possible population of 64_

(16,777,216) variations are sampled°

The basic problem of walidity of the data lies in complete

randomization without introduction of bias. The tests must be

conducted as accurately as possible exactly as the schedule

indicates. Each number test must be treated individually ia

sequence° Attempts at grouping for the same temperature or

other methods to shortcut time should be avoided as they would

tend to bias the results°

The total time for each test is the same° A value must be

chosen that is compatible with inducing significant degradation

in the material from the standpoint of overagiug and straining

within the temperature regime° This time increment and the

corresponding range of stress should be selected such that the

worst combination of variables would be suff4n_n÷1_ q_v_rR t_
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STRESS - TE}IPERATURE - TI_ EFFECTS

GENERALIZED RANDOM S__,_PLING SCIIEDULE FOR MATERIALS

Temperature Test

_re) Number

T

1

5
8

z3
22

s5
3O
31
5
7

I0

21

23
26
27
28

6

II

15
16

17

19
2_
32
2

4
9

12

14
18

2O

29

, i ,J . , ,

Stress Level 1

Temperature Level

Time Increment

Specimen

S-20

S-ll

S-)
S-4
S-_O
8-21

s-19
s-1_
s-16
S-28
s-24

s-_
S-_l
8-12

S-18

S-6

S-14

s-27
s-8

3-22

S-7
s-17
s-5
s-29
s-9
so15
s-52
s-_5
S-lO

S-I

S-2
s-26

Bandom Step Function Sequence

_T,

_T_

(Total Test Time,,Cqnstant )

t.+0", T/t_+(_T_t, +qT, T.t_.

(DT_ is+6"/T_t#+G'4T#t@

_T= ta+ _ T, t,+_ T_t,

+_, T,t._

+ _r_T, ta
Tat+

+ T ts
+ _Tt t_
+_ T_tl

+6-_T_t_
+_-_ T, t_

_T@ t_+_ T_tl +_r'_Tmtm +_r_ T_t_
(_T_ tl+_T_t_+_r } _t_ +cr_T4t _

O'_T_ tz+_aT_t_+O'_t÷ +_r_T_t_
_T_ ts+_T_t_+o"¢T_t I +_Ttt_

_aT_ t_+_r'_Tmt,+o-mT _tt +(_T,t_

_ _+_T_t_+o-_ T_t, +_ T,t_
_T_ %4+_T,t_+G'_Tstz +G_T_t I

_T_ t,+_'_T_t_+_T_ t_ +G-_T_ta
_T_ t_ +O-_T_t_+(Y-_ T_t& +_'_T_ t_
_Tt t_+_" tT4ta+_r" _Ttt@ +_ T4t!

¢raT@ t_+o-_T_t_+G-@T/t_ +_T_t e

_T_ ta+O-#Tat I+_r_ T_t_ +(_ Tstm

4 Different Yalues for each Input
Vari ab Ie o °

Half factorial sampling of 64 possible oombinations of input
variables°

Total Number of Tests - 32, Total Number of Specimens = 32

_otal Environmental Population Sampled = 64 @ = 16_777,216_

/!/_.



FIQURE 4_3_5_

SELECTED TEST COmbINATIONS

(HALF REPLICATE FACTORIAL)

ITIME h___

! HRSo

t 1

t 2

t 3 -_

, m

T 1

i

X

_F

X

H

j i I

X

i

X

X
.... • i

X

X

X
i i i i

i i

X
l,l

X

X

i i

X

ill

i

X

X

i •

X
, J

X

X
i i i,

X

X

PSI

0--I

X
i

x

X

X

1

, ...... _ ,, , ,,,

X X (7"1

X ...... X ' _"--2

x x _"3

X denotes selected combination of_'_ in order to sample

the total factorial of 64_
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induce a few premature failures° This insures "that degradation

of the material extends up to a maximum value° The economic

factors for the tests dictate- that this be accomplished in the

shortest practical test time°

An estimate of total test time and maximum stress level

can be made from constant load-constant temperature creep data°

A given deformation l_uit can be set up as the criteria of

failu1_ and stress-time maxlm_m relationships determined°

The maximum stress level should be no higher than that _x-

pected in realistic design applications° If this cri%,_ria_

is followed,; the environmental step function tests would be

expected to be slightly more critical in their extreme ranges°

Data to be recorded during the step function tests are

total deformation and creep° Accurate s%ress s'hraiu diagrams

and ultimate strengths are to be recorded for th,e tests after

prior history° Other basic parameters such as elongaticn_

thermal expansion poissons ratio and reduction of area s_loald

also be recorded°

Fi_e 4o3361 shows actual test data generated from 5 hour

tests of 7075-T6 bare sheet where the stress level varied be-

t_en 70 to 85% of yield (at temperature) (Refo W__DD TR60-777)o

Inspection of -the curves show that the environmental step function

test data forms a scatterb_d that encompasses data from specimens

having no prior history as well as elevated temperature strengths

presented in MilHDBK_5_, _is environmen+_%l data represents a

pureJ_v random, s_mple across',the e_Iv_ronmen_:al range spanned

by the tests° It further z_presents the thGoretical ma_dmmm

range of envirorz_ental degradation for the particular material:,
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class ci" matT..eialt_ Divide t:a.e _:_.n':ii_,:on:_en_l prop.'-:,.:.%y d_:a

•re d_ve].op a .o.._,.c,.im_:_>_.c,, .... £'_-:::_or ,:_ .... hx_:r, r,._oze:sentr, "t.he

}._ . vs ,,...,,p_a:x.:;.e, l_:g_. 1,. 3352 :no:,:e:a _ " '*_....

_,-,..........._ _:.?.eform o.t':_,_',>?:'ial_.,e,s_--d_.

(More subs'_ntiation by "_a::t .s-?.:::uld be .:,.ad_::.f-':t-,-,,,.,:_va].o'a'.'.:"@"of

as_'_mp_.,o., for +_e 0,_._) 7hi: the ;,:,e

of i_fo_m.ation %hat can be "-.._.t'£.o.,':tzed...Coz' ea.'h ,n,:.........oer-,_2.'_"_:o

de_=in,s basic allo_&=.ble ....._p,, ::.l::o•..... "-'t<_-;:,...... :.?-a_',_,'l:s si:: ..... l:t 5.s

coted that _hes_ data are -L_:deO::am<entof tLs den__:za ._ ;:.ID_--l C a :_I0 i"lo

:By utilizing "_k_e :2o'i!o_<:ng "" '_ ""_.e.z_.'.Lzo,a_h ip ,9

-:,.o : ....,-lo_a,_,.._>...-_qenv:_'on:.::en; _5.t'thi: t_:::} ._..._,.a._':* _' rex pe:._.:_t-:wa .;.......e._a,.__.*'_°-_,-,

All _-_at -i:_nec_ssar:: is ?o de{_v-mi:_e_ t,he _.tg_tk-;{-¢.:a_ratmee

to b.'-a ::'sac.heal for the par_,_,..,a_._;z" d_si,go-, applicaS,io_,,> d6,:,_,m_ne

v _ro::] +" ,a _ t%/# ,.n,..ci_rve :.:c_:'he z:at_:,:.-!c-_,and :.r.:altiply_v,:_ ....• :,_.... oaa.t_ _, the.

:,,:.¢:::.a.n.:-,d ":!_:i:au_ guar&n'_.eed ,-.q ,_,<-._-:"°_,, ::t room :_, ........ _-_ -,..a ...... ¢.-- ....... i- .... _.... o .,...tp...._ .,1..re,



II



_ _ _ _r _r_ _ _ _ _ aa_4_ I........

• • r • I i¸¸¸¸ - _ • • _i¸_!_ _ _i .i_ _iI _ _ _ _ _I_

_ I! iI_L_I_,_I_ rlI _ _ ! _ _ i_,L_ii_

LI I ....

_ ...... _ _i_ _-j_, '

m

I

P



, _ • ',_ _ _'_ _ _ ";i ], _ i i_" ,Q

i_ _i_ i_. _ P_ _ .... •.... _ _._ ? i_b_i_ _ i'i_p._i_ C_" ] _. L_

i

, i, • _i i. _ !p'_;_ i _ " _ !_. . i'_ i_ - ! "

_ " , i ._¸_/ _, _ i _ " ._ki_ L i _ _ . "_! _

D

_ _ i.,_ i_ ' _

.



George C. Marshall Space Flight Center
Hunr_svil ie ,,A] abama

i_IEMORANDUM

T_ Distribution Date October 4, 1960

From Director, Aeroballistics Division

Subject Consolidated Wind Magnitude_ Wind Shears and Wind

Speed Change Criteria for Saturn Vehicle Design

i- This memorandum describes the wind environment for which

the Saturn vehicle shall be designed to functiono A characteristic

difference in the design viewpoint regarding wind criteria for which

the Saturn vehicle shall be designed_ as compared to a tactical

military missile, is the relaxation of the _Ind magnitude which the

system is expected to encounter. This philosophy assumes that the

more extreme wind magnitudes can be avoided and wind levels up to

the 95% probability-of-occurrence level (two-sigma) may be considered

as extremes to be encol.ntered by the vehicleo The wind criteria cut-

].Ined in this memorandum provide for an operational capability 95% of

the time for the worse wind month of the year at Cape Canaveral (Atlantic

Missile Range)o Florida° Therefore_ this design condition provides
for vehicle operations on an average for all but !_ da_s for the worse

wind month of each year° For other months of_he year a higher pro._

bability for successful operations, relative to wind restrictions, will
exist..

2._ The stated wind environment conditions are presented in order

to consolidate previously published information in one reference to
insure coordination within all organizations involved in the Saturn

Program° Although based on the best available data and design philosophy_

the criteria presented are subject to revision based on the results of

future investigations°

3_ Wind Magnitude _ Figure One provides data on the wind speed

as a function of altitude° This profile is an envelope of the wind

speeds at each altitude level associated with the 95% probability

(two-sigma) level°

4o Wind Shear - Figure Two contains information on the wind shear

spectrum associated with differentials in altitude from lOOm to 4000m over

the altitude range from 6 km to 18 km_ These data are to be combined

with the wind magnitudes in Figure One to establish wind build-up curves

leading to the _arious wind magnitudes or fall_off rate from the given

wind magnitudes°



SUo_E_, Consolidated Wind o_;_a=_';_,adeoo___ Wind Snear_ and W_ndSpeed
Change C_iteria for Saturn Vehici_ Deslgn

This procedure enables the association of small and large scale wind
shears with the wind design magnitude_ An example of this is presented
in Figure Four_ Alsoo see Reference 4 for further description of this
procedure_

5 Wlnd Speed Chan_ - Figure Three is simply a conversion of the
data presented in Figure Two into another form° It should be noted

that the wind change (shear) values represent the approximate 99°7

(three-sigma) level wind change (shear) to be expected over the indi_
cated scale-of-distances (differentials in altitude) for the altitude

range from 6 km to 18 kmo They are to be associated with the wind

magnitudes given in Figure One which for a given altitude level provides

the wind magnitudeo Figure Three will provide for any scale-of-distance

between 100m and 4000m the approximate 99°7 (three-sigma) level expected

wind speed change rate leading up to the wind magnitude or fall-off rate

from the wind magnitude with increase in altitude°

6_ Example of S2nthetie Wind Profile Construction - Figure Four
illustrates the employment of the data given in Figures One, Two and

Three to combine the wind magnitude and wind shearo The profile is

constructed on the assumption that the wind build-up conditions over

the lO0_ 500, i000 and 2000 meters scale-of-distances (differential

altitude) below 12 km and the wind magnitude at 12 km are of interest

to the problem under study_ Reference is made to Figure 0nee The wind

magnitude at 12 km is given as 75 m/sec_ The wind buil_=up condition

is obtained from Figures Two and Three as,

hCm) wl h (see "l ) w (m/see)

io0 0_090 9
500 o,_o5o 25

10o0 0_o35 35
2000 0_021 42

Figure Four illustrates the construction of a wind profile envelope

building up to the 12 km wind magnitude as determined by the above shears°

It should be noted that the wind speed does not build-up from zero in

a step function at i0 km but builds up at a minimum slope from the

surface_

7o The wind criteria presented herein should be apolied to the

vehicle without regard to direction, ioe.o considered as wind from all

compass directions relative to the vehicle_ Furthermore_ these wind

oriteria_ based on our present knowledge of the wind structure over

Cape Canaveral_ provide for a 95% probability of operation during the

worse wind month° The worse wind month is defined as the monthly period

exhibiting the highest average wind speeds in the 10-14 km altitude

region°

Eo D_ Geissler

Director_ Aeroballisties Division
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4_

•aughan_, k'. W_ _ Investigation of the Cape Canaveral, Florida,

Wind F_gnitude and Wind Shear Characteristics in the Ten to

Fourteen_Kilometer Altitude Region, August 9_ 1960, NASA-TN-D556o

_aughan_ W_ Wo! idealized Wind Profiles Applicable for the Study

of Vehicle Performance Between _0 km and 80 km Altitude, Cape

Canaveral_ (Atlantic Missile Range)_ Florida, August I_ 1960,
NAo_N=_60_

_aughan_ Wo Wo! Surface Wind Distribution for Cape Canaveral,
Florida_ (U) March 21, 1958, ABMA_DA-TN-I03®58 (Confidential)

Sullivan_ Eo Lo, and Jean, 0o Co! Saturn C-I Control Study for

Four Control Motors Operative (U), April 14, 1960_ A_MA-DA_TM-

30-60 (Secret)

Vaughan_ Wr, W=! Analysis of Disorete Atmospheric Gust ¥elooity

Data for Use in Missile Design and Performanoe Studies, November 20_
1959_ ABMA DA-TR-68-59o
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Technical Memorandum 24

Apollo Design

TM 24-1

in the early, phase of this program a wide variety of design

concepts were iuvestigated and evaluated. Both modular and integrated

concepts _re considered° Reentry vehicle types varied from ballistic_

to lifting body_ to flyable, designs° Various mission module types

and msuy propellant tankage arrangements were studied° The attached

draw-lugs are typical of this work, and represent most of the concepts

investigated°

Tae breadth of the study program was then narrowed to exclude all

but %/_e L-2C and W-1 reentry vehicle types o Each of these vehicles was

then investigated in greater detail, in both modular and integrated form.

integrated Configurations

The two integrated configurations are similar in many respects;

•_he type of reentry vehicle employed being the most obvious difference o

Differences in heat shielding, structure, and overall geometry also exist_

hol_evero

Each confiEuration includes a multiple nozzle_ truss mounted, solid

propellant escape rocket° Each reentry vehicle is sized to contain six

persons and the equipments required to !perform the mission° Propellant

t_(age consists of a conical oxidizer tank plus a toroidal fuel tank

in each case°

An aft s'hructural shell provides support for the tankage, and also

_erves a_ a meteorite bumper° External equipments, such as space radiators_

solar cell array_ stud communication antennas are also supported by this

structu_3 @



_M 24-2

For circ_n_.l_al _, and lunar orbit r_issions, _ree (3) personnel

_t_t!ons and the air lock would be repiaccd by the desired scientific

&Ba_ and the additional life support equipment required.

Modular Con_figurations

The two modular configurations are also very similar to each etherj

except for differences due to use of the basically different reentry bodies.

Escape provisions are the same in concept as described for the integrated

configurations. Both reentry vehicles are sized for a crew of three (3)

and appropriate equipments° The Mission and Propulsion modules, as well

as the aft portion of the structural shell is identical for each configuratloao

The Mission Module contains scientific equipment, living facilities

(except sleeping quarters) and other gear not essential to reentry and

post-reen%ry phases of the mission,,

"A-hearran_ement of the aft structural shell_ Mission Module and main

tanks was developed simultaneously_ in order that emphasis could be placed

on _n optimum combination;--as opposed to emphasizing the optimization of

each item in itself°

.k
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APOLLO MID-TERM HANDOUT

TECHNICAL M_4ORANDUM NO. 25

TR%CKING COMMUNICATIONS AND INSTRUMENTATION

i0 March 1961

J. Pipkin



Apollo Technical Memorandum -25

March 14, 1961

Tracking. Communlcation and In etrumentati_on

A brief collection of current working data Pefleotln E the

principal aharacter_stlcs of tho system is presented based on a

number of establiahed guide lines. The salient information has been

briefly summarized in a group of curves, charts, tables, suad block

diasTamso •

Tracking coverage for missions representing both a maximum "

northern and southern lunar declination as well as a zero declination

have been included and the functional block diagrams of the varioun

on-board equipments given° Since the complete lunar mission inTolvee

a number of phases, different equipments and combinations of these

equipments will. be utilized..
i

Although studies are still .continuinE_ certain approaches to the

problem reflect the compr_ises brought about by a number of constraintsa

For instance_ decentrallzation in tracklnE and trajectory determlnation

will be employed as much as possible dv_Ing the early program d,e to

the limited availability of reliable lon_ haul channelso. However,

as more dependable world-wide communication nets become available0

centralized control will be maintained, In any event_ full use of

establlshed _Tound facilities _th as few additions to the existin E

complex as possible will be employed to permit

a) Launch at AMR_ deep space monitorin E by DSIF, re-entry at

PMR_. and landing at Edwards AFBo

b) Vehicle monitoring during the various mission phases.

c) A_sistance to the on-board guidance system by providin_

nec_ssary data inputs fo_ use in up-dating the on-board _.

equipment.

&_ _ _. _ _?_ _ _ _ _ .....



Communications will involve two categories which consist of the

information transfer from the ground complexes to the vehicle, and

the information transfer among the vaz-ious elements of the 8Tound

complexes themselves. The overall backup reliability of the Ez_und

system will not degrade the task of safe vehicle return. The

electronic communications and tracking circuits of the on-board

equipment, while employing advanced transistorized techniques, will be

amenable to the use of Crown functional units as they become operationally

available.

On-board inst_mentation will, in general, cover four siEnificant

areasz

a)

b)

0)

d)

Vehicle and vehicle systems

Life support and human reaction to environment

Scientific measurements for crew safety

Lunar surveillance

Finally, the data processing system for instz_men_ation will consist

of two typemz one compatible with the up-dated Mercuz7 Eround system

and used for in_ection, earth orbit and re-ent_y phasesl and, the

other one compatible with the anticipated DSIF and used for the

deed s_.ac.e phaseso
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Figure NOo

_.2._ -25

- 2 -

Table of Contents (cont'd)

Title

APOLLO Vehicle Reception System
Vehicle Reception Signal Processing

Instrumentation:

TM25-27 Pulse Code Modulation System

_2_-28A
28B
28C

_25-29

Typical Instrumentation
Measurement Subsystems

Data Translation and Recording S_stem

TM25-30 Malfunction Detection System

Function

Demodulator-Decoder

Receiver SiEnal Processing-
Signal Selector (typical)

Deep Space Digital System
provides on board data
processing of slowly vary-
ing analog and diEital
telemetry signals

Provides for on board

recording of communlca-
tions information and data

translation system for
stacEing of PCM, Voice and

PDM/FM for use on single
transmitter

Provides capabilitT of on
board evaluation of vehicle

system performance.
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